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Abstract
Back pain is a significant financial burden on industry and the economy, but more 
importantly is the cause of suffering and disability to countless individuals. Therefore if 
the symptoms and risk factors for back pain could be identified at an early stage, the 
opportunities for remedial action would be of great benefit to society. This study set out 
to identify the role of ergonomics and other factors in new episodes of disabling back 
pain in schoolchildren and to develop reliable and valid exposure methods to assess 
potential risk factors for schoolchildren and evaluate their relationship with subsequent 
symptomology over the previous month.
Self-reported questionnaires were used to record health outcomes and potential risk 
factors in state schools (n=679) children aged between 11 and 14. The portable 
ergonomics observation method (PEO) was used to record exposure to physical risk 
factors in the classroom in a sample of children (n=66).
Forty nine percent of children (n=679) reported having neck pain in the last month and 
22% reported having neck pain in the last week. Almost 30% of the children reported 
upper back pain in the last month and 17% had upper back pain in the last week. For 
the lower back over 36% of the children had pain in the last month and 20% had low 
back pain in the last week.
Neck pain was significantly associated with static posture, self-reported school 
furniture features, emotional and conduct problems, family history of low back pain 
and previous treatment for musculoskeletal disorders. Upper back pain was associated 
with static posture, school bag weight (3.4-4.45kgs), self-reported school furniture 
features, emotional problems and previous treatment for musculoskeletal disorders. A 
borderline score on the hyperactivity scale was associated with a decrease in upper back 
pain. Low back pain was associated with long lesson length, flexed posture, self- 
reported school furniture features, emotional problems, family history and previous 
injury or accident.
The implications of the findings of the study are discussed. School furniture was 
associated with discomfort and muscular fatigue in young children. It is important to 
address the issue of load carriage amongst schoolchildren. Also, it is important to 
recognise the influence of psychological and family factors in children’s pain. There are 
also serious implications for the future workforce with many young adults entering the 
workplace with neck and back pain already present.
(c) Samuel David Murphy 2003
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Overview of thesis
• Chapter one contains background information relevant to the study. Section one 
introduces the study and considers the definition of pain and back pain in children 
and the diagnosis of back pain and finally, the aims and objectives of the study are 
stated.
• Chapter two examines the literature on back pain in children and looks at the risk 
factors highlighted in previous research. The lack of validated methods to measure 
physical risk factors is discussed. Assessing the exposure to risk factors and 
methods used for posture recording. Finally, the choices of methods are discussed.
• Chapter three is concerned with the methods and the first section describes the first 
pilot study used to validate aspects of the questionnaire. Section two details the 
modifications to the questionnaire as a result of the pilot study. Section three 
describes the second pilot study, the development and validation of the observation 
method PEO (Portable Ergonomic Observation Method). And compares the method 
with questionnaires and video recordings. The procedures used in the main study 
the questionnaire and the observation method (PEO) are described.
• Chapter four presents the results. The first section presents the descriptive results 
from the questionnaire describing children’s pain and activities. Section two 
presents the results from the observation study and the associations between sitting 
posture and pain. Section three presents the results of a univariate analysis to 
establish associations between variables and pain. Section four presents the results 
of a multivariate analysis to establish variables in the analysis that are 
independently associated with pain.
• Chapter five discusses the findings of the study in relation to existing research.
• Chapter six draws conclusions from the study and suggests possible future research.
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Chapter 1. Introduction
This chapter begins by introducing the problem of back pain amongst children then 
explonng the definition of pain and discussing back pain in the adult population. 
Possible mechanisms that may contribute to back pain in children are discussed and the 
diagnosis criteria for back pain are described.
Back pain is a significant financial burden on industry and the economy. The Clinical 
Standards Advisory Group (CSAG 1994) published a report that suggested back pain 
was responsible for 52 million lost working days and was the commonest self reported 
illness either attributed to work or exacerbated by it. Therefore if the symptoms and risk 
factors for back pain could be identified at an early stage, the opportunities for remedial 
action would be of great benefit to society. An understanding of the aetiology of 
symptoms at younger ages is of potential consequence not only in preventing such 
symptoms in the short-term but more importantly in the long-term preventing future 
multiple episodes of back pain. Although back pain symptoms appear to be common 
amongst schoolchildren, the aetiology of symptoms and their impact on the individual 
are unknown. The factors which have been suggested as being important in the 
aetiology of back pain at younger ages include general level of physical fitness/activity, 
sporting activities, back injury and a family history of pain symptoms including back 
pain. The following chapter introduces the problem of back pain in the general 
population and in schoolchildren. The concepts of pain, the pathogenesis of back pain 
and the diagnosis of childhood back pain are briefly described. The epidemiological 
and other relevant literature are used to discuss the possible risk factors for back pain in 
schoolchildren with the emphasis on low back pain. After establishing the importance 
of investigating postural and load carriage issues in more detail the methods for 
investigation are discussed.
1.1 Pain
The International Association for the Study of Pain (Merskey 1979) defined pain as “an 
unpleasant sensory and emotional experience, associated with actual or potential tissue
damage, or described in terms of such damage.” Although McCulloch and Transfeldt
1997 suggest pain is a perception rather than a sensation and is a complex set of actions
and reactions, modified by intellect, emotion and many other factors. McCulloch and
Transfeldt (1997) describe the different types of pain. There are generally two types of
pain. Acute pain is of short duration, arises from specific trauma or disease, and has
associated pain behaviour and closely reflects and parallels the stimulus; that is, a small
painful stimulus is associated with a small amount of acute pain. Acute pain usually
responds to treatment. Chronic pain occurs once the initial causes of pain have been
removed. Other non-nociceptive phenomenon have then interceded, such as cultural,
family, emotion, situation and drug use. Chronic pain is associated with many
subjective symptoms. It fails to respond to the usual treatment measures. Like vision,
hearing and other senses, there are well-documented pain pathways through the nervous
system. Pain is multidimensional, there are multiple nociceptors activating multiple
neural systems, there are multiple ascending tracts and there are multiple central
nervous system receptors. In relation to this study it has been shown that localised
musculoskeletal injury can be caused by sustained or frequent exertions. At first, there
may be simple, acute muscle fatigue. If the causal conditions persist, however,
inflammation of the tendons, synovia, bursa and adjacent joint structures result in more
severe and chronic symptoms and functional limitations (Chaffin and Andersson 1991).
For many disorders, there are no widely defined accepted criteria for deciding whether
or not a specific amount of pain is normal or should be considered a case (Goodman
and McGrath 1991). Low back pain is a symptom with no external standard by which
its presence can be validated, the symptom being what a person reports (Papageorgiou 
et al 1995).
1.2 Back pain in the population
In adults the strongest predictor of future back trouble seems to be previous back 
trouble (Troup et al 1987). Olsen et al (1992) suggested the adolescent experience of 
low back pain may herald the onset of intermittent or chronic trouble in adulthood. 
Harreby et al (1993) showed that those reporting back pain in school were more likely 
to report low back pain in adulthood. Also a large proportion of adult sufferers report
the first onset of back pain in their early teenage years or early adult life (Papageorgiou 
et al 1996). Many studies indicate that prolonged work in strenuous postures or heavy 
manual materials handling causes or accelerates musculoskeletal disorders (Riihimâki 
1991, Burdorf 1992, Hagberg 1992, Winkel and Westgaard 1992a, Winkel and 
Westgaard 1992b). Generally accepted risk factors for low-back pain include heavy 
physical work, prolonged sitting, heavy manual handling, frequent lifting, trunk 
rotation, pushing/pulling, and vibration (Riihimâki 1991). Psychosocial stressors 
(Bongers et al 1993, Bernard et al 1994, Eklund 1996, Devereux et al 1999) individual 
factors (Armstrong et a/ 1993) and high mileage driving (Porter 1999), have also been 
shown to contribute to musculoskeletal disorders. In a detailed review of work-related 
musculoskeletal disorders (MSDs). The National Institute for Occupational Safety and 
Health (NIOSH) (Bernard 1997) analysed the weight of the epidemiologic evidence for 
the association between selected MSDs of the upper extremities and the low back and 
exposure to physical factors at work. They reviewed over 600 studies and rated the 
evidence from strong evidence of work-relatedness to evidence of no effect of work 
factors. The results identify a number of specific physical exposures strongly associated 
with specific MSDs when exposures are intense, prolonged and combined (Table 1).
Table 1. Evidence for causal relationship between physical work factors and 
MSDs
Body part Strong Insufficient Evidence o f
Risk factor Evidence Evidence Evidence N o effect
(+++) (++) (+/0) (-)
Neck and Neck/shoulder
Repetition y
Force V
Posture /
Vibration y
Back
Lifting/forceful movement ✓
Awkward posture /
Heavy physical work /
Whole body vibration ✓
Static work posture y
(Source NIOSH 1997)
a sitting posture, using school furniture, which is usually a standard size regardless of
the anthropometric dimensions of individual children. There is also growing concern
over the weight of children’s school bags and resulting damage to the spine (Viiy et al
1999 and Grimmer and Williams 2000). The NIOSH review found Neck and
Neck/shoulder MSDs were strongly associated with poor posture. Prolonged flexed
postures of the neck may be present in schools as a result of working at school desks.
There was also strong evidence for low back pain being associated with lifting/forceful
movement and evidence for low back pain being associated with awkward posture and
heavy physical work. These exposures may be present in schools due to heavy school
bags and prolonged flexed postures caused by mismatch between children and school 
furniture.
1.3 Pathogenesis of back pain in schoolchildren
The structures of the spinal column and the surrounding tissues are subjected to daily 
loads and stresses. Some of these structures may become damaged during childhood. 
The disc consists of an outer layer of lamellas surrounding a soft nucleus. During late 
childhood and early adulthood ruptures appear in the lower lumber discs of most people 
(Hirsch and Schajowitz 1952). Small ruptures may not cause pain but large ruptures 
(herniated disc) are a cause of pain if nerve roots are compressed. Middle size ruptures 
may or may not cause harm (Vanharanta et al 1990).
1.4 Disc nutrition
Disc nutrition occurs by osmosis and can be compared to the actions of a sponge in 
water. When the disc is compressed waste materials are squeezed out and as the 
pressure is released nutritious matter is sucked in. The optimum nutritional process of 
the disc IS determined by constant loading and unloading (Kraemer 1985). Prolonged 
conditions of overloading or underloading of the disc can occur in prolonged fixed 
postures, obstruct nutritional exchange and in the long tenn can promote the 
degenerative process of the disc. This is the case for intervertébral discs at all levels of 
the spme (Grieco 1986). The postures adopted by schoolchildren may well inhibit
nutntional exchange and contribute to earlier degeneration than would have been the 
case if they were not restricted in this way. There is some evidence for early disc 
degeneration in the young leading to recurrent low back pain. Salminen et al (1999) 
formd that 15 year old participants with disc degeneration had a relative risk of 16 
(95%, Cl, 2.2-118) for reporting recurrent low back pain up to the age of 23 years 
compared to those with no disc degeneration. Disc protrusion and Scheurmann-type 
changes at 15 years also contributed to the risk of persistently recurrent low back pain.
1.5 Collagen-fibre elasticity
other structures of the spinal column may contribute to low back pain in children. 
Ligaments and joint capsules are formed of elastic collagen fibres. When the fibres are 
stretched they elongate and this elongation increases during subsequent hours of 
stretching. When the pull force is removed, it takes time for the fibres to return to 
normal (Sanjevi 1982). This time span varies from 20 minutes to hours depending on 
the original stretching force (Bendix 1994). When a person sits for hours the adopted 
posture determines which ligaments will be tensed. Slumped posture will tense the 
posteriorly positioned fibres. After long periods of sitting, stability of the fibres is 
slightly reduced and the joints become stressed (figure 1) performing movements that 
would usually not cause harm (Bendix 1994).
Figure 1 Collagen-fibre elasticity over time (Bendix 1994)
1.6 Musculature and other paravertebral tissues
Most of the studies on back pain report on low back pain or just back pain in general. 
Wedderkopp et al (2001) suggested that the spine should be considered as three distinct 
entities (neck pain, upper back pain and low back pain) as thoracic pain is more 
common in younger children. Caillet (1973) suggested cervical pain may be due to the 
process of protracted isometric contraction by the paravertebral muscles and in some 
cases by overuse of the myofascial formation’s where the paravertebral muscles 
intervene at periosteal level. In the majority of cases, prolonged isometric contraction 
causes a constant increase in endomuscular pressure, with relative constriction of the 
blood vessels and consequent ischaemia. Non maximal protracted isometric 
contractions especially in the paravertebral and cervical muscles and the shoulder girdle 
muscles, which are typical of fixed postures, may lead not only to sensations of
discomfort and pain in the short term but may eventually lead to the onset of a real 
disease due to alterations of the soft tissues in the long term due to an inflammatory
process which in time leads to a fibrotic reaction of both the muscles and surrounding 
tissues (Grieco 1986).
1.7 Diagnosis of low back pain in children
Some authors argue that children do not degenerate physically and the majority of 
childhood low back pain is not serious. McCulloch and Transfeldt 1997 state that for 
classification of low back pain in children the following six broad categories, and two 
age groups should be used (below and above 10 years of age).
Differential Diagnosis of Low Back Pain in Children
1. Mechanical causes 
Postural 
Muscular
Overuse -
Trauma
Herniated nucleus pulposus
2. Developmental 
Spondylolysis/spondylolisthesis 
Scheuermann’s disease 
Scoliosis (secondary)
3. Inflammatory 
Discitis
Infection (osteomyelitis/discitis)
Collagen/vascular disorders (juvenile rheumatoid arthritis)
Inflammation (SI joints)
Disc calcification
4. Neoplasms 
Spinal canal 
Vertebral column
Retroperitoneal
5. Tethered cord
6. Psychogenic
Diagnosis by age in children
1. Less than 10 years of age 
Infection
Tumor :
Psychogenic
2. More than 10 years of age 
Spondylolysis/spondylolisthesis 
Scheuermann’s disease 
Overuse and postural 
Herniated nucleus pulposus 
Tumor/infection 
Neurological: spinal dysraphism
McCulloch and Transfeldt (1997) suggest that postural and muscular overuse are not 
senous and will heal given time. Overuse results in mild difluse symptoms, which can 
be relieved by rest then gradual strengthening. The other conditions are more serious 
much less common and may require medical diagnosis and treatment.
Similarly Stamtski (1998) states that in contrast to adults, complaints of back pain are 
uncommon in children and adolescents. Backache may often accompany vigorous 
activity or prolonged sitting or standing, but the pain is episode related and transient. 
Pain that persists for 5-6 weeks must be taken seriously in children and adolescents. 
After spondylolysis and spondylolisthesis are eliminated, infectious and neoplastic 
(both malignant and benign) causes are the usual sources of pain (15-20% of cases). Up 
to 15% of adolescent cases of back pain may not have a clearly defined cause. 
Holhngworth (1996) suggests that trauma accounts for a large proportion of children 
seen by family practitioners, who refer with back pain that settles within a few weeks.
Muscular or tendiiùous sprains are often implicated and so pain persisting after isolated
or repeated trauma warrants investigation.
1.8 Aims and objectives
This section states the aims and objectives of the study. The results fi-om
epidemiological studies discussed in the literature review suggest that back pain is a
significant problem for young children. What is not clear is whether children can report
accurately the risk factors that they are exposed to in school. For example how they
cany their school bags, the weight of their bags and the length of time spent canying
their bags. It is also unclear how children are sitting during lessons. Therefore the aims 
of the study are:
1.8.1 Aims
1. To examine the existing literature to identify risk factors for low back pain amongst 
schoolchildren.
2. To identify the relationship between ergonomics and other factors in the reporting
of musculoskeletal pain by schoolchildren.
To achieve the aims of the study the following objectives are:
1.8.2 Objectives
To develop a reliable and valid observational method to measure exposure to 
physical risk factors.
• To develop a suitable method to assess children’s pain, activities, physical, and 
psychological risk factors.
To develop an observational method to measure posture suitable for use in 
schools.
• To validate the observation method.
• To develop a questionnaire to collect information on musculoskeletal pain, (past 
and present) activities in school and after school and psychological factors.
• To validate physical exposure questions on a self-report questionnaire.
• To identify the prevalence of musculoskeletal pain in schoolchildren.
• To identify associations between self-reported musculoskeletal pain and self- 
reported activities, physical, and psychological risk factors.
• To identify associations between self-reported pain and objective measures of 
load carriage and posture in school.
• To compare the outcomes.
• To contrast with existing research.
• To suggest new research.
The aims addressed in this thesis form part of a collaborative study between the Robens 
Centre for Health Ergonomics at the University of Surrey and the Arthritis Research 
Campaign (ARC) Epidemiology Unit at the University of Manchester. A cross-sectional 
design was used due to the increased cost and extended time period required to use a 
longitudinal design. Therefore the design limits the conclusions that can be drawn firom
the study. The Arthritis Research Campaign (ARC) Epidemiology Unit at the
University of Manchester will examine, by longitudinal design, potential risk factors in 
schools for musculoskeletal pain. This thesis will examine the relationship between 
ergonomic and other factors in the reporting of musculoskeletal pain and will therefore 
contribute to future longitudinal designed studies examining back pain and potential 
risk factors.
Cross sectional studies describe the prevalence of diseases or other conditions in a 
defined population at one particular time rather than the incidence of the disease or 
condition. Cross sectional studies are used as exploratory tools prior to mounting a 
more substantial study. Prospective studies can identify a population who are, have
been or will be exposed to a factor (or factors), which have been hypothesized as
influencing the probability of occurrence of disease or disorder.
1 0
Chapter 2. Literature review
This section discusses existing research to identity the risk factors for back pain that 
children are exposed to in school and the home. Most of the research into low back pain 
m schoolchildren has been epidemiological questionnaire based surveys. The aim of 
.this review was to consider the literature with regard to individual factors (e.g. age/ 
gender/ physical characteristics), familial factors, psychological factors, extra school 
activities. It also considered the risk factors within the school environment and through 
this, identified outstanding research needs. A literature review was performed using 
Ergonomics Abstracts, Bids, Medline, Psychinfo, and Ergoweb search engines. The
following terms were used as mesh terms and terms in the text.
"School clulclren'' CMR.''schools''<:)1& "childfeii'' ()It "chissrcom" /UsR) "laadc pajii" ()R 
"low back pain" OR "pain" OR "musculoskeletal disorders"
Epidemiology AND “back pain” OR “low back pain” OR “pain” OR 
“musculoskeletal disorders”
The studies from this search were included in the epidemilogical review (Table 2).
Further research is included in the review to examine possible relationships between 
risk factors and pain.
2.1 Back pain in schoolchildren '
It has been reported that back pain is not a common problem in paediatric orthopaedic 
practice, accounting for about 2% of all new consultations in this age group (Turner et 
al 1989). Community based studies of back pain in childhood however indicate that 
low back pain does have a relatively high prevalence during school years which varies 
from country to country: Finland, 20%; England, 26%; Canada, 33%; United States, 
36%; and Switzerland, 51% (Burton er ezZ 1996). Table 2 shows a summary of 
epidemiological studies of children and back pain included in the review.
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There have been several studies to explore the improvement of children’s sitting 
posture as the result of redesigned school furniture (Marschall et al 1995, Knight and 
Knoyes, 1999, Troussier et al 1999) and the effects of lifting and carrying school bags 
(Malhotra and Sen Gupta 1965, Pascoe et al 1997, Hong et al 2000). Other studies have 
shown that the weights being earned by school children are exceeding the relative 
weights recommended for adults (Negrini et al 1999, Whittfield et al 2001). There have 
been no population-based studies, which have attempted to quantify the mechanical risk 
factors for musculoskeletal disorders with respect to the intensity, duration, and 
frequency of the exposure in a school setting.
2.1.1 Medical attention
A number of studies have looked at the use of medical services (see table 3). Although 
not a risk factor for back pain, children using such services may be suffering from more 
serious back pain. Six studies reported similar numbers of children (13.6% to 26% of 
the sample) had visited medical services for back pain (Balagué et al 1988, Balagué et 
al 1994, Troussier et al 1994, Balagué et al 1995, Viry et al 1999, Wedderkopp et al 
2001). A further four studies reported that 7% to 31% of children with back pain had 
visited medical services (Fairbank et a/ 1984, Olsen et al 1992, Brattberg 1994, Burton 
e /ûf/1996, Watson e /a /2002).
One study found no sigmficant difference in the total use of school physicians or school 
nurses between those reporting back pain and those who did not. The lack of 
relationship between back pain and professional help seeking could explain the belief 
among many clinicians that back pain is rare in school children (Krisjânsdôttir 1996). It 
must also be stressed that economic and public health implications are substantial when 
one considers the young age and recurrence potential (Olsen et al 1992). The difference 
between those reporting back pain and those seeking medical attention for back pain, 
may reflect the difference between those children who are distressed by more serious 
back pain or psychological distress and those children who are suffering from non 
specific, less serious back pain. This may be a more useful estimate of back pain in this 
age group.
1 8
Study M edical attention Num bers o f children
Fairbank et al (1984) Visit doctor 22% with low back pain
Balagué et al (1988) Medical attention 14% for low back pain
Olsen el a / (1992) Medical attention at least once 7% with low back pain
Balagué et al (1994) Visit doctor at least once 10.7% for low back pain
Brattberg (1994) Medical services 31% with low back pain
Troussier et al (1994) Medical advice once 
Several times
15.5% for low back pain 
15.3% for low back pain
Balagué et al (1995) Medical attention 13.6% for low back pain
Burton e / a / (1996) Sought treatment - 15.6% with low back pain
Harreby et al (1999) Medical attention 32.9% with low back pain
Viry et al (1999) Physician visit 18.7% for low back pain
Wedderkopp et al (2001) Physician visit 26% for low back pain
Watson et al (2002) GP consultation 24% with low back pain
2.1.2 Family symptoms
Only three studies (Salminen 1984, Balagué et al 1994, Brattberg 1994) reported a 
significant relationship between symptom reporting of family members and back pain 
(seetable 4). A history of low back pain amongst siblings was associated with history of 
low back pain in univariate analysis, but this was not significant in multivariate analysis 
(Balagué et al 1995). An increase in reporting of pain could be hereditary, 
environmental, a result of the lifestyle of the family, learned behaviour or indeed a 
result of one or more of these and other factors. Children who are aware of back pain 
through other family members may be more likely to report such symptoms and attach 
importance to those symptoms, as a result of their own experience at home.
Study Family symptoms Back pain
Sahninen
(1984)
Mother neck/back 
symptoms 
N o symptoms 
Father neck/back 
symptoms 
N o symptoms
35% neck or back symptoms 
16% neck or back symptoms
32% neck or back symptoms 
16.9% neck or back symptoms
p < 0.01
p < 0.05
Balague et al 
(1994)
Parental history o f  
LBP
Low back pain OR 2.10 (1.56-2.83)
Brattberg
(1994)
Mother has pain 
every week or daily
Low back pain OR 2.00 (1.06-3.75)
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2.1.3 Individual risk factors (age)
Age was the characteristic most often considered in the study of low back pain in 
schoolchildren. All of the studies that included age categories consistently showed an 
increase in reported musculoskeletal pain, back pain or low back pain in relation to age 
(Salminen 1984, Balagué et al 1988, Olsen et al 1992, Brattberg 1994, Troussier et al 
1994, Burton et al 1996, Krisjânsdôttir 1996, Taimela et al 1997, Leboeuf-Yde and 
Kyvik 1998, Harreby et al 1999, Kujala et al 1999, Grimmer and Williams 2000, 
Wedderkopp et al 2001, Watson et al 2002). Brief details are presented in table 5.
One study showed increasing risk during the teenage years. Children at this age are 
growing and may also have reached puberty. They also move to secondary school, 
which may involve an increase in the stress and constraints on the back such as greater 
satchel weight and longer duration of sitting position (Troussier et al 1994).
One study suggests that much of adolescent back pain can be considered as a 
nonspecific disorder characterized by recurrent symptoms that are rarely disabling and 
to which should not be attributed undue significance. They conclude that it is a normal 
experience and is unlikely to be responsible for disabling trouble later in life (Burton et 
1996).
Other research does not support this view, for 3.4% of adults with back pain, the onset 
is between the ages of 15 and 19, and onset early in life has been affirmed as predictive 
of chronicity (Brattberg 1994). A sigmficant positive correlation (self-report) has been 
shown between low back pain in the adolescent period and continuing pain in 
adulthood (Harreby et al 1995). Wedderkopp et al (2001) suggested that thoracic pain 
is common in children aged 8 to 10 whereas thoracic and lumbar pain are equally 
common in adolescents aged 14 to 16 years. There is strong evidence for a significant 
increase in the reporting of low back pain at around 12 to 14 years of age which may 
then lead to later disabling back pain. At this age children may also be experiencing the 
adolescent growth spurt and although the increase in strength lags behind the increase 
in body weight, it is unlikely that this leads to an increase in musculoskeletal pain as the
2 0
increase in strength is continuous (Sinclair and Dangerfield 1998). However several 
authors report that during the growth spurt the differential between the onset of bone 
growth and the delayed growth response of ligamentous and muscle tissue results in 
excessive stress and muscle tightness (Fairbank et al 1984, Micheli 1979, Harvey and 
Tanner 1991).
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Table 5. Summary of back pain and age
Study Age Back pain
Fairbank et al 
(1984)
13-17 26% history o f back pain
peak 13 years boys and 14 years girls
Salminen
(1984)
-11
11-17
2.9% recurrent neck or back symptoms 
8% recurrent neck or back symptoms p< 0.001
Balague et al 
(1988)
7-17
13+
27% lifetime prevalence back pain 
50% lifetime prevalence BP
Mierau et al 
(1989)
6-13
14-18
23% history o f LBP 
33% history o f LBP p< 0.05
Olsen et al 
(1992)
11-17
15
30.4%
36% life-table analysis
Balagué et al 
(1994)
8-12
13+
12% history o f LBP 
32% history o f LBP
Brattberg
(1994)
8
11
13
8
17
16% annual incidence 
22% annual incidence 
22% annual incidence 
8% often have BP 
48% often have BP
Troussier et 
a / (1994)
5-9
10-12
13-14
16-20
Cumulative prevalence BP 
Cumulative prevalence BP 
Cumulative prevalence BP
Reference:
RR 2.79 (1.79-4.34) 
RR 4.18 (2.69-6.49) 
RR 16.5 (9.90-27.47)
Burton et al 
(1996)
12
15
11+
15+
12% annual incidence 
21.5% annual incidence 
11.6% lifetime prevalence 
50.4% lifetime prevalence
Krisjânsdôttir
(1996)
11-12
15-16
15.3% weekly prevalence 
25.4% weekly prevalence p <  0.001
Taimela et al 
(1997)
7
10
14
16
1.1% annual prevalence (0.2-3.1)
6% annual prevalence (3.9-8.7)
18% annual prevalence (13.9-22.1) 
18.4% annual prevalence (11.9-24.9)
Leboeuf-Yde 
& Kyvik 
(1998)
12 7% lyr period prevalence & lifetime
cumulative
(5-9)
Harreby et al 
(1999)
14-15 6.4% increase
Kujala et al 
(1999)
10
16
5.9% prevalence 
12.8% prevalence p = 0.0005
Grimmer and
Williams
(2000)
12 year 8 
16 year 
12
32.8% LBP in the last 2 weeks 
54.3% LBP in the last 2 weeks
Wedderkopp 
et a / (2001)
Children
Adolesce
nts
4% prevalence 
20% prevalence
Watson et al 
(2002)
11
14
16% 1 month period prevalence 
29.5% 1 month period prevalence P <  0.001
RR = Relative risk
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2.1.4 Individual risk factors (gender)
Many studies considered the difference in the reporting of low back pain in relation to 
the gender of the children. A number of studies showed that females reported 
symptoms more often than males (Salminen 1984, Balagué 1988, Mierau et al 1989, 
Salminen et al 1992a, Brattberg 1994, Harreby et al 1999, Viry e/ al 1999, Grimmer 
and Williams 2000), although the differences were often small (Table 6). One study 
reported that point prevalence of back pain in the previous week was significantly 
higher in females than males and remained so after controlling for age (Balagué et al
1994). Female gender was associated with an increased risk of low back pain (Balagué 
et al 1995), and in a further study there was a relative risk of more than two for female 
children and adolescents between 6 and 20 years of age (Troussier et al 1994). Viry et 
al (1999) showed approximately a threefold increase in risk for girls reporting current 
back pain and a fourfold increase in risk for girls reporting back pain in the last year. 
Watson et al (2002) found that 28% of girls reported 1 -month period prevalence and 
19% of boys reported 1-month period prevalence. It has been suggested that males tend 
to worry about their pains less (Salminen et al 1992a), or deny their symptoms as 
suggested in an earlier study (Salminen 1984). Differences may be explained at least 
partly, by the way males and females report pain but further research of this gender 
difference is required (Balagué et al 1995). Some studies did not find a gender effect in 
the reporting of back pain or low back pain (Fairbank et al 1984, Olsen et al 1992, 
Nissinen et al 1994, Harreby et al 1995, Krisjânsdôttir 1996, Taimela et al 1997, Kujala 
et al 1999, Wedderkopp et al 2001). One study suggests that puberty may explain 
slightly earlier reporting by females (Leboeuf-Yde and Kyvik 1998). Males and 
females were reported to have similar lifetime prevalence at age 11 years, but thereafter 
the prevalence in males was 60%, but 40% in girls (Burton et al 1996). One study 
concludes that it is unlikely that the low back pain in girls was exclusively related to 
menstrual cycle, with determinants being similar for boys and girls (Olsen et al 1992). 
Others suggest earlier matunty as the reason for girls reporting pains more often 
(Fairbank e /a /1984).
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Table 6. Summary of differences
Study Gender Back pain
Salminen
(1984)
Female
Male
24.5% present back or neck symptoms 
15.2% present back or neck symptoms P < 0.05
Balague et al 
(1988)
Female
Male
38% lifetime prevalence back pain 
32% lifetime prevalence back pain P < 0.005
Mierau et al 
(1989)
Female
Male 6-13 years 
Female
Male 14-18 years
60% o f cohort with histoiy o f LBP 
40% o f cohort with history o f LBP 
58% of cohort with history o f LBP 
52% of cohort with history o f LBP
Salminen et al 
(1992a)
Females
Males
33.9% cumulative incidence o f LBP 
27% cumulative incidence o f LBP P < 0.005
Balague et al 
(1994)
Females
Males
14% weekly point prevalence 
10% weekly point prevalence P « 0.007
Brattberg
(1994)
Females
Males
15% back pain at least once a week 
6% back pain at least once a week
Troussier et al 
(1994)
Females
Males
58.1% cumulative prevalence 
43.2% cumulative prevalence
RR 2.43 
(1.83-3.24)
Balague et al 
(1995)
Female History o f LBP OR 1.61 
(1.1-2.3)
Harreby et al 
(1999)
Female
Male
36.1% LBP previous month 
24.7% LBP previous month P < 0.0000
Viry et al 
(1999)
Female Current back pain
Back pain last year
Back pain requiring a physician visit
OR 2.6 
(1.1-6.1) 
OR 4 (1 .3 -  
12.3)
OR 2.9 
(1.0-8.3)
Grimmer and 
Williams 2000
Female 8 
Male 12 
Female 8 
Male 12
25.2% LBP in the last 2 weeks 
15.2% LBP in the last 2 weeks 
44.3% LBP in the last 2 weeks 
20% LBP in the last 2 weeks
P < 0.05 
P < 0.05
Watson et al 
(2002)
Female
Male
28% 1 month period prevalence LBP 
19% 1 month period prevalence LBP P <  0.001
' LR = Relative risk, OR = Odds ratio
2.1.5 Psychological modulation of pain
Psychological modulation of pain occurs in every human being. McCulloch and 
Transfeldt (1997) suggest some people will have significant disability as the result of 
lesser pain and others will have little alteration of daily acts of living accompanied by 
significant pain. The emotional intensity and pain behaviour of the patient is 
significantly related to the genetic makeup, cultural background, and interpretation of 
past events.
24
The following definitions are taken from McCulloch and Transfeldt 1997. 
Psychosomatic spinal pain is defined as symptomatic physical change in tissues of the 
spine, which has anxiety as its cause. The expression of anxiety is mediated as a 
prolonged and exaggerated state that eventually leads to structural change (spasm) in 
the muscles of the neck or low back this is known as tension syndrome (fibrositis). 
Psychogenic spinal pain is defined as the conversion or somatization of anxiety into 
pain referred to the neck or back, unaccompamed by physical change in the tissues of 
these regions. Situational spinal pain is a reaction whereby a patient, through a 
collection of symptoms, maintains a situation (with potential secondary gain) through 
over-concern or conscious effort.
2.1.6 Psychological models in the development of pain
Waddell (1986) proposed the Glasgow illness model (figure 2) to explain the 
psychological aspects of pain. Most low back pain starts with a physical problem in the 
back and psychologic disturbances develop secondarily. The most important 
psychologic disturbance associated with low back pain is simple distress which presents 
clinically as abnormal illness behaviour. Disability results from a combination of 
physical disorder, distress, and illness behaviour. Medical decisions are often 
influenced by the patient s distress and illness behaviour as much as by the physical 
disease. The model was tested, and confirmed, on 185 patients who had various types 
of surgeiy for low-back disorders.
When considering low back pain in children it may be useful to view the pain as the 
possible result of somatization. Somatization” refers to a variety of processes that lead 
patients to seek medical help for physical symptoms, which are misattributed to 
physical disease (Murphy 1989).
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Sick role
Illness behaviour
Distress
Physical problem
Figure 2. Glasgow illness model (Wadell 1986)
A detailed discussion on the role of psychological models in the development and 
reporting of pain is beyond the scope of this thesis. The following is adapted from a 
review by Campo and Fritsch (1994).
Learning has been implicated in development and maintenance of somatization, with 
social learning or modeling, operant conditioning, and classical or respondent 
conditioning all potentially playing a role. The importance of health beliefs and 
practices of family members and the presence of family models for the patient’s 
physical symptoms have also been emphasized. A child’s response to physical 
symptoms may be related to the attention and interest shown toward such symptoms by 
a parent. Unpleasant activities may be avoided. Secondary gain refers to the social and 
familial reinforcement of the symptom. Preoccupation with or heightened sensitivity to 
bodily states may contribute to symptom development, reporting and medical help-
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seeking. Somatosensory amplification has been described as a threefold process 
involving hypervigilance and attention to bodily sensations, a tendency to focus on 
weak, infrequent sensations and a disposition to react to somatic sensations with 
learned, distorted cognitions that lead to the perception of the sensations as alarming. 
Psychological defense, somatizing patients experiencing and expressing emotional 
distress physically, thus defending against the awareness of unpleasant affects conflicts 
or memories. Family systems theorists have viewed somatization as serving a special 
function within the family system, allowing the family to preserve its day-to-day 
functioning and perhaps avoid conflict. Perceived conflict and stress have been reported 
in the families of somatizing patients, most often in relation to marital problems. 
Families of somatizing children and adolescents have been described as less supportive. 
Less cohesive, and less adaptable than other families. Somatizing youngsters often 
identify themselves as having poor relationships with their parents. Problems in family 
communication have been reported. Physical symptoms my serve a communication 
function, serving as a form of body language or a plea for help and are at times 
characterized by striking symbolism.
2.1.7 Psychological risk factors
Many or all of the symptoms of non-specific pain could be influenced by the 
psychological well being of children. One study reported a number of psychological 
factors, which increased the reporting of back pain. This suggests social, psychological 
and emotional factors may be more important than physical factors (Brattberg 1994).
A study using children’s responses to negative and positive questions (negative and 
positive affect scores) found the risk of low back pain increased with each quintile of 
negative affect score. The risk of low back pain decreased with each quintile of positive 
affect score. This suggests the need for prospective longitudinal studies performed with 
more sophisticated psychological tools in order to better understand the possible role of 
these factors (Balagué et al 1995) (Table 7). Watson et al (2002 In Press) have recently 
published findings of positive associations between the strengths and difficulties 
questionnaire (Goodman 1997) and low back pain. Children who reported higher scores
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on four negative behaviour scales were significantly more likely to report low back 
pain. Others suggest that if parents respond inconsistently to their children’s pain 
complaints the children may exaggerate their complaints or develop new symptoms so 
that their parents will respond to their distress. Their pain may be rewarded when they 
are allowed to stay home from school, withdrawn from stressful sports or social 
situations and relieved of their responsibilities. This may prolong pain episodes or 
contribute to new episodes of pain (Zeltzer et al 1992). This is the age when children 
are learning to cope with the adult world. If their coping skills are deficient, emotional 
difficulties may be transformed into pain experiences and the ability to manage 
physical pain may decrease (Edwards et al 1985).
Cross sectional studies do not examine whether back pain is the result of psychological 
distress or a pre-cursor to back pain. Another difficulty with this type of study is that 
many of the tools used for the psychological assessment of children are difficult to 
administer and analyse. More research is required in this area to fully explain the 
relationship between psychological distress and an increased reporting of back pain in 
school children.
Table 7. Summary of back pain and psychological factors.
Study Psychological factors Back pain
Brattberg
(1994)
Those with fear of school friends 
Loneliness
Difficulties making friends 
Feeling of being an outsider 
Has been bullied (several times) 
Passive reaction to bullying 
Nervousness (self-conscious) 
Difficulties verbalizing feelings 
Difficulties speaking to Mother 
Difficulties speaking to Father
Increased risk o f BP OR 2.44 (1.13-5.27) 
OR 3.64 (1.24-11.09) 
0R 2.11 (1.11-4.01) 
OR 2.08 (1.14-3.81) 
OR 2.11 (1.14-3.60) 
OR 3.39 (1.59-7.30) 
OR 2.10 (1.27-3.47) 
OR 1.63 (1.01-2.65) 
OR 2.68 (1.20-6.05) 
OR 2.17(1.25-3.75)
Balague et al 
(1995)
Each quintile o f negative affect score 
Each quintile o f positive affect score
Increase risk of LBP 
Decrease risk of LBP
OR 1.43 (1.23-1.66) 
OR 0.84 (0.73-0.96)
Watson et al 
(2002) In 
Press
Low
Hyper (medium) 
Hyper (high) 
Conduct (medium) 
Conduct (high) 
Emotion (medium) 
Emotion (high) 
Peer (medium) 
Peer (high)
Increased risk o f LBP
Reference:
OR 1.3 (1.0-1.7) 
OR 1.6 (1.2-2.2) 
OR 2.2(1.6-3.0) 
O R 3.5(2.4-4.9) 
OR 1.5 (1.1-2.1) 
OR 3.1 (2.3-4.3) 
OR 1.4 (1.0-1.9) 
OR 1.5(1.1-2.0)
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2.1.8 Physical risk factors
Three of the studies reviewed used physical examinations in relation to back pain 
(Table 8). Salminen (1984) reported on adolescent postural faults in the sagittal plane 
and the occurrence of back pain. Present neck and/or back troubles were frequently 
reported by subjects with a hollow back, but also in subjects with long roundback or 
upper roundback if the functional postural fault was combined with poor abdominal 
muscle strength. Tightness of upper back muscles (upper trapezius, pectoralis major, 
levator scapulae) was often combined with symptoms. Tightness of the hamstrings was 
not correlated with present low back pain symptoms, suggesting exercises 
strengthening the abdominal muscles and stretching tight muscles should be utilized 
effectively in physical education at school. Another study found femoral and tibial 
rotation were sigmficantly less in pupils with back pain, suggesting that decreased 
lower limb mobility places greater stress loads on the lumbar spine during activity and 
this is the basis for low back pain (Fairbank et al 1984). However less rotation could 
arise from back pain or be a result of changed patterns of physical behaviour. There 
may also be an association between a history of low back pain and decreased straight 
leg raising (SLR) for adolescent boys (Mierau et al 1989). On the other hand one study 
found no significant relationship between flexibility and any low back variables 
(Burton et al 1996). While another found no positive correlation between radiological 
changes of the spine and low back pain in school age children (Harreby et al 1995). 
Harreby et al (1999) found no correlation between tightness of the hamstring muscles 
and low back pain. Physical tests for flexibility can be useful in assessing the extent of 
disability caused by back pain. However there needs to be more evidence and research 
to determine if poor performance in such tests may predict future back pain.
Table 8. Summary of back pain and physical factors.
Study Physical factors Back pain
Fairbank et al 
(1984)
Left femoral rotation (less) 
Left tibial rotation (less) 
Left tibial rotation (less)
History o f  BP P < 0.03 
P < 0.002 
P < 0.02
Salminen (1984) Hollow back
Long round back or upper round back combined with poor 
abdominal muscle strength 
Tightness o f the upper back muscles
Present neck or back 
troubles
P < 0 . 01
P < 0 . 0 1
P < 0 . 0 1
Mierau et al 
(1989)
Decreased straight leg raising (adolescent boys) History o f  LBP P < 0 . 0 1
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2.1.9 Anthropometric risk factors
The interaction between sitting and anthropometries has been studied (Table 9). 
Children spend long periods of the day sitting. Two studies reported that children with 
an increased sitting height reported more back pain than those with a reduced sitting 
height (Fairbank et al 1984, Nissinen et al 1994). Nissinen et al (1994) suggested the 
role of anthropometric characteristics in the development of low back pain during 
adolescence seemed modest. Height has also been considered as a risk factor. One 
study found a sigmficant interaction between low back pain and sex with respect to 
height. The symptomatic boys were on average taller than those in the control group, 
suggesting that low furniture may force tall boys to lean forward placing the back under 
increased load (Salminen et al 1992b). Harreby et al (1999) found children with high 
body mass index had sigmficantly more low back pain. The role of anthropometric 
factors may be a modest contributor to back pain, however further research is needed to 
identify if this is the case. It may be that there is an interaction between 
anthropometries, workplace, school, and home equipment.
Table 9. Summary of back pain and anthropometric factors
Study Anthropometric factors Back pain
Fairbank et al 
(1984) Increase in sitting height
No pain 
Back pain P < 0.02
Salminen et 
al (1992b)
Sex with respect to height Histoiy o f LBP P=0.048
Nissinen
(1994)
Sitting height at age 12.8 Annual prevalence LBP OR 1.24 (1.03-1.46)
Harreby et al 
(1999)
Body mass index > 25kg/m^ Severe low back pain P <  0.001
2.1.10 Exercise
A number of studies have shown an increase in back pain in relation to sports activities 
(Balagué et al 1988, Balagué et al 1994, Troussier et al 1994, Burton et al 1996, Kujala 
et al 1999 Grimmer and Williams 2000) (Table 10). Some sports may carry an 
increased risk for back pain. For example, volleyball seems to be a sport that affects the 
back because it induces hyperextension of the spine and causes sudden spinal
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compression (Troussier et al 1994). Some sports may be less stressful and may benefit 
those who take part. For example, swimming was negatively associated with lifetime 
prevalence of back pain (Balagué et al 1994). Many children see sport as a risk factor 
for back pain, in one study 50% of the pupils reporting low back pain associated the 
pain with an accident, particularly occurring during sporting activity (Salminen et al 
1992a). This may in turn increase future reporting. Kujala et al (1999) suggested that 
although there are long term health benefits firom vigorous physical activity it is also 
the cause of musculoskeletal pain during adolescence. Some have suggested that at the 
age of physical growth some forms of sports, particularly when children take part at 
irregular intervals, place too great a load on the back, occasionally leading to pain 
(Salminen e /ûf/1992a).
The amount of sport that children are involved in may increase or decrease the risk of 
back pain. One study reported that lifetime prevalence of low back pain was a little 
higher for those doing additional sport. The percent hazard resulting fi*om normal 
school sport almost doubled at 13+ years, and the percent hazard resulting from 
additional sports participation remained around 14% through ages 12 to 14 years, after 
which it rose substantially to 25.7%. Only for boys was average sports exposure a 
significant predictor of low back pain by age 15+ (Burton et al 1996). Harreby et al 
(1999) found high levels of sport amongst boys correlated with increased severe low 
back pain. Similarly, Grimmer and Williams (2000) found that organized sport 
appeared to be protective of low back pain for most students but high levels were 
associated with an increased risk for low back pain in younger children.
Three studies did not show an increase in back pain in relation to sports activities 
(Salminen 1984, Brattberg 1994, Watson et al 2002 In Press) while another was 
inconclusive (Taimela 1997). Pupils complaining of back pain appeared to comprise a 
higher proportion of children who avoided sports than their pain free contemporaries 
(Fairbank et al 1984). This suggests that sports could be a cause of back pain as well as 
possibly preventing back pain. It could also be the sign of a different attitude (among 
athletes) about the predicament of back pain (Van der Linden and Fahrer 1988).
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Most of these studies looked at exercise, sport and physical activity, but did not 
consider the control and supervision of such activities by teachers and coaches. It has 
been suggested that preventing overuse injury in children requires, careful supervision, 
equipment checks, practice intensity and duration increased only gradually, poor 
technique or posture recognized and corrected, and warm up and stretch exercise before 
and after sport (Klenerman 1994). This seems reasonable but has yet to be tested in a 
prospective study. However it is possible that sports activities for children are not 
always controlled in an appropriate way by those responsible.
able 10. Summary of back pain and exercise.
Study Exercise (activity) Back pain
Balague et al 
(1988)
Bodybuilding
Volley-ball
Aerobics
50% + lifetime prevalence of LBP 
50% + lifetime prevalence o f LBP 
50% + lifetime prevalence o f LBP
Balague et al 
(1994)
Competitive sport
Tennis
Volley-ball
Cycling
Volley-ball
Cycling
29% history o f LBP 
27% history o f LBP 
26% history o f LBP 
increase point prevalence 
increase point prevalence
OR 1.73 (1.21-2.48) 
p < 0.05 
p < 0.05 
p < 0.05 
p < 0.05 
p < 0.05
Troussier et 
al (1994)
Volley-ball
Climbing
Golf
Basket-ball
Hand-ball
78.2% cumulative prevalence of BP 
67.8% cumulative prevalence of BP 
64.8% cumulative prevalence of BP 
62.6% cumulative prevalence of BP 
61.7% prevalence o f back pain
RR3.21 (1.48-6.99)
Burton et al 
(1996)
School sport 
Additional sport
44% lifetime prevalence 
54% lifetime prevalence
Harreby et al 
(1999)
Level o f sport 
participation
High (boys) P < 0.05
Kujala et al 
(1999)
Amount of 
leisure physical 
activity
9.7% LBP (low) 
11.7% LBP (middle) 
14.6% LBP (high) P = 0.022
Grimmer and 
Williams 
(2000)
0-2 hours
4-6 hours (year 8
girls)
6-10 hours (year 8 
girls)
6-10 hours (year 9 
boys)
LBP in the last 2 weeks
Reference:
OR 3.6 (1.2-11)
OR 5.3 (1.2-24.3)
OR 6.6 (1.2-35)
OR = Odds ratio, RR = Relative risk
2.1.11 Time spent watching television
Many of today’s activities are undertaken whilst seated, this is true for both adults and 
children. Three studies found that children who watched more television reported more
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back pain. (Table 11). One study reported prevalence rates of low back pain of over 
50% among those who spent more than 2 hours daily watching television (Balagué et al 
1988). The study also suggested that time spent watching television may vary due to the 
popularity of current television programmes. One study reported an increased risk of 
having back pain if watching television for more than 1 hour per day (Relative risk 
1.71) and suggests that the effect of watching television on the spine is secondary to 
prolonged postural pain (Troussier et al 1994). Another study reported similar findings 
with time spent watching television and reported back pain remaining borderline 
significant in logistic regression (adjusted Odds ratio 1.23). This suggests that watching 
television may be associated with long lasting sitting, poor posture and less activity in 
general (Balagué et al 1994). Not all results are consistent Balagué et al (1995) found 
that (after multivariate analysis) time spent watching television was not significantly 
associated with history of low back pain. Harreby et al (1999) and Watson et al (2002 
In Press) found no significant association between sedentary activity (watching 
television and playing computer games) and low back pain. These studies may have 
under or over estimated the amount of television watched by children as they used 
questionnaires to determine the time spent watching television. The validity of this 
method is not reported.
Table 11. Summary of back pain and time spent watchinjs;TV.
Study Watching
TV
Back pain
Balague et 
a / (1988)
2 hrs + TV 50%+ lifetime prevalence of 
LBP
Troussier et 
a / (1994)
1 hr+ TV Cumulative prevalence back 
pain
RR 1.71 (1.27- 
2.30)
Balague et 
a / (1994)
2 hours + 
TV
Lifetime prevalence of back 
pain
OR 1.23 (1.00- 
1.52)
RR = Relative risk, OR = Odds ratio
2.1.12 Seating
It may be more useful to consider sitting posture as a whole. Many children play 
computer games for long periods. To isolate watching television as a risk factor while
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not considering similar activities may underestimate the time spent in unsuitable sitting 
postures. Also the way children sit as well as the amount of time they sit when 
watching TV or playing computer games are both important in increasing the load on 
the spine.
2.1.13 Anatomy of sitting posture
Children spend most of their time in school sitting on standard BSI chairs and desks. 
Unlike many adults they have little choice as to how long they sit without the chance to 
move around. When children are sitting the thigh is almost vertical and there is a 
concavity or lordosis in the small of the back. When a person is seated the thigh is 
horizontal, the hip joint flexed by about 60° and the pelvis has a sloping axis. The 
lumbar region then exhibits a convexity or kyphosis (Mandai 1994).
Schoberth (1962) found from x-ray examinations of 25 people sitting upright that there 
was approximately 60° flexion in the hip joint and an average of 30° flattening of the 
lumbar curve (Figure 3). Keegan (1953) suggests that even for a healthy back 30° 
flexion in the lumbar spine seems to be the maximum load the back can take for long 
periods of time.
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STANDING SITTING
Figure 3. Normal anatomy of the lumbar region, standing (A) and sitting (B) (from
Schoberth (1962)
Keegan (1953) illustrated the movement of the lumbar vertebrae in relation to the 
sacrum (and so to the whole pelvis). Figure 4 shows the resting position C and two 
slightly different standing positions A and B. The greatest change in the lumbar curve is 
shown in moving from the resting position C to the right angled sitting position D, and 
the bent reading-writing position E. Mandai (1981) suggests that the closer we approach 
C the more we protect our spines.
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Figure 4. The lumbar curve when standing and sitting Keegan (1953)
Mandai (1981) suggested that during normal upright sitting postures the eye is at a 
distance of 50-60 cms from the table top and the axis of vision is horizontal. When 
children work at the desk they bend over the table in order to position their eyes at a 
reasonable distance from the table surface i.e. 20-3Ocms.
Marschall et al (1995) found less neck flexion and larger hip angles for children sitting 
on ergonomically designed furniture than standard school furniture. However Troussier 
et al (1999) found that although children preferred ergonomically designed furniture 
this did not lead to a reduction in back pain prevalence. School chairs and desks are
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designed for children to sit and work with a 60° flexion of the hip joint and a preserved 
lumbar lordosis, as recommended by Snorrason (1968) (figure 5). Children may not 
always use school furniture in this way.
Figure 5. Sitting posture (Snorasson 1968)
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2.1.14 Time spent sitting
It could be possible that children are sitting too long during school. Magora (1972) 
compared 3 groups of workers: one group sat at work for more than 4 hours a day, 
another group sat infrequently and were involved in heavy physical work while the 
third group sat for 2-4 hours and altered between sitting, standing, walking and lifting. 
The group involved in heavy physical work suffered from the most low back pain but 
the group who spent most of their time seated had almost as much low back pain. Low 
back pain reduced as postural variation increased (figure 6).
Low back pain
Duration of sitting
< 2 2 - 4 >  4  (hours/wbrkda^
(Magora 19721
Figure 6. Low back pain and duration of sitting
Grieco (1986) recommends a total period of sitting not exceeding 4 hours per shift 
worked and a 10-minute postural pause for every 45-50 minutes worked. If this is the 
advice given to adults should it not also apply to children?
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Exposure to car driving was significantly related to sickness absence due to low back 
trouble (Gyi and Porter 1995). Although driving involves prolonged sitting, postural 
fixity and vibration any of which individually could lead to musculoskeletal trouble.
Aagaard-Hensen and Storr-Paulsen (1994) found that in one school, children remained 
seated between 19 and 90 minutes during a 90 minute double lesson, with older 
children sitting for longer periods of time and most of the children sitting on average 
for more than 60 minutes. Of the time spent seated, 57% was spent leaning forward 
(e.g. writing or painting) with 43% spent leaning backwards (e.g. looking at blackboard 
or reading).
2.1.15 School furniture
Several studies have compared sitting behaviour of children on standard school 
furniture and ergonomically designed furniture with positive results. Aagaard-Hansen 
and Storr-Paulsen (1995), Linton et al (1995), Taylour and Crawford (1996), Troussier 
et al (1999) all report that children preferred ergonomically designed furniture as 
designed by Mandai (1992). However, Troussier et al (1999) suggested that there was 
no modification of back pain prevalence and pupils physical symptoms after using the 
furniture for 4-5 years. Whereas Linton et al (1994) reported a reduction in back, neck, 
headache, and tiredness symptoms after 5 months. Knight and Noyes (1999) reported 
children showed a modest but significant improvement in on-task behaviour and a 
marked change in sitting positions following introduction of new furniture called Chair 
2000. Marschall et al (1995) demonstrated subjects had significantly less latissimus 
dorsi activity when seated at ergonomically designed furniture (adjustable with sloping 
desk, back and knee support). Subjects also demonstrated less neck flexion (mean = 
34.4°) and significantly larger hip angle (mean = 107.8°, t = -3.46, p = 0.003) than 
when seated at the traditional work-station (neck flexion = 38.7°, hip angle = 95.5°). 
Finally, Parcells et al (1999) found that less than 20% of a total of 74 children could 
find acceptable chair/desk combinations using traditional school furniture when the 
anthropometric dimensions of the children were considered.
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It has been suggested that evidence on the aetiological significance of sitting for back 
pain is lacking (Salminen 1984) and it is difficult to find a control group, as many 
children are exposed almost to the same extent. The screening of postural habits would 
require long term daily follow up observation.
It seems children do report that sitting can cause problems (Salminen 1984). Children 
also recognize that prolonged sitting may be harmful. Children who had trouble sitting 
at school thought that low back pain was, at least to some extent, due to an unsuitable 
school desk. This forces the low back into a forward leaning position where it is placed 
under a load. This study suggests that sitting at school and minor accidents occurring 
during sports activities might aggravate low back pain in the young (Salminen et al 
1992a). Another study found sitting positions to be unpleasant for school children with 
back pain, with 41.6% of the sample experiencing back pain when sitting in the 
classroom. Furthermore, 69.5% of back pain occurred after one hour of sitting, 
suggesting that postural factors in children are more important than serious organic 
pathology (Troussier gf aZ 1994).
Two studies found associations between sitting behaviour and back or low back pain 
(Table 12). Viry et al (1999) found that children sitting on the edge of their seat during 
completion of a questionnaire had an elevated risk of back pain (controlled for age and 
gender) requiring a physician visit. Grimmer and Williams (2000) found that children 
who reported sitting for long periods of time after school had an elevated risk of low 
back pain. This was the case for girls only; boys did not report sitting for long periods. 
It is unknown whether prolonged sitting in children is a risk factor for back pain but 
prolonged sitting in adults is considered to be a risk factor (Riihimâki 1991). It may be 
that the growing spine is vulnerable to the effects of prolonged poor posture caused, in 
part, by school furniture and it’s suitability for classroom activities.
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Table 12. Summary of back pain and sitting
Study Sitting Back pain
Viry et al 
(1999)
Back of seat 
On edge o f seat Back pain requiring a 
physician visit
Reference:
OR 3.1 (1.0-9.5)
Grimmer and 
Williams 
(2000)
0-2 hours sitting 
4-6 hours (year 8) 
6-10 hours (year 8) 
4-6 hours (year 10) 
6-10 hours (year 10)
LBP in the last 2 weeks
Reference:
OR 3.6 (1.2-11) 
OR 5.3 (1.2-24.3) 
OR 6.9 (1.4-33.5) 
OR 9.6 (1.5-62.7)
OR = Odds ratio 
2.1.16 Smoking
It is illegal in the UK to sell tobacco products to children and therefore the data on 
childhood smoking and increased back pain or low back pain may be inaccurate. 
Children who do smoke may be reluctant to provide this information on a questionnaire 
in school. One study found a significant correlation between smoking and low back 
pain, but this was in only 3% of the sample, and therefore unrealistic. The 
questionnaires were also not anonymous and smoking was forbidden in the school 
(Balagué et al 1988). Another study reported that pupils who smoked at least once a 
week reported back pain more often than non-smokers and those who seldom smoked 
(Brattberg 1994). Another study found a positive correlation between smoking and 
back pain. Among those over the age of ten who smoked, 83.1% had back pain, and 
among those who did not smoke 59.2% had back pain, however after multivariate 
analysis the correlation was not significant (Troussier et al 1994). Harreby et al (1999) 
found children who reported daily smoking had significantly increased risk for severe 
low back pain. (Table 13).
It is very difficult to get accurate information on the number of children who smoke. 
Smoking is not usually permitted at this age, and it may be the case that children who 
do smoke simply do not report that they smoke, indeed children who do not smoke may 
report that they do, depending on the culture in the school.
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Table 13. Summary of back pain and smoking.
Study Smoking Back pain
Brattberg
(1994)
Smoke one + a 
week
Back pain OR 3.35 (1.28-8.97)
Troussier et 
al (1994)
Non-smokers 
Smokers age 10+
59.2% cumulative prevalence of BP 
83.1% cumulative prevalence o f BP P=0.0000
Harreby et al 
(1999)
Non smokers 
Daily smoking
Severe low back pain Reference:
OR 3.03 (2.14-4.3)
OR = Odds ratio
2.1.17 Load carriage by schoolchildren
There has been recent interest in the loads being carried by schoolchildren to and from 
school (Table 14). Viry et' al (1999) found children who carried heavy schoolbags 
(more than 20% of bodyweight) had a threefold increase in risk for low back pain in the 
last year and a five-fold increase in risk for low back pain requiring a physician visit. 
Furthermore children who walked to school had a significant increase in risk of low 
back pain if their schoolbag weighed more than 20% of bodyweight. There was also an 
increased risk for low back pain leading to absence from school or sport for those 
children who carried their bag in one hand rather than on the shoulder harness. 
Grimmer and Williams (2000) found similar results, children vdth low back pain were 
carrying heavier bags than those without low back pain relative to bodyweight. There 
was a stronger association between load carrying and low back pain for boys than girls. 
Grimmer and Williams (2000) also found positive associations between longer periods 
of time spent carrying backpacks and low back pain. Watson et al (2002 In Press) 
found no association between school bag weight and reported low back pain and they 
suggest a possible protective effect for children carrying the heaviest bags. There was 
also no association between type of bag carried and low back pain and method of 
carrying the bag and low back pain.
There has been research to measure the loads carried by children. Negrini et al (1999) 
found the mean schoolbag weight was 9.3kg with a maximum of 12.5kg more 
importantly 34.8% of the children carried more than 30% of their bodyweight at least 
once a week. Viry et al (1999) had similar findings, mean schoolbag weight was 9.6kg 
(range 2-17kgs) and the mean relative schoolbag weight was 19.2% of bodyweight
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(range 4-38%). Whereas, Whittfield and Legg (1999) found a mean weight of 6.6kg 
(Std. Dev. 2.2kgs) expressed as the relative bag weight the children carried 
approximately 11.7% of bodyweight (Std. Dev. 4.7%). Watson et al (2002 In Press) 
recently found a median average daily load of 4.5kg taken over a school week. These 
differences could be cultural. The recommendations for maximum weight for 
schoolbags are still unclear. Merati et al (2001) suggested that cardiovascular effort 
required for locomotion while carrying a backpack is minimal. However fatigue and 
back pain are more likely to be present in less physically performing children. Hong et 
al (2000) found a significant difference in oxygen uptake between children carrying 
loads of 10% and 20% of bodyweight. There was no significant difference between 
10% of bodyweight and no load. They have also suggested that ten percent of 
bodyweight should be the maximum load carried by children until more is known about 
safe loads for this age group. Also, Mulhotra and Sen Gupta (1965) found that carrying 
position for least energy expenditure was rucksack style on both shoulders, the worst 
carrying position was carrying in one hand.
Table 14. Summary of back pain and load carriage
Study Load carry Back pain
Viry et al 
(1999)
Relative schoolbag weight > 20% 
Relative schoolbag weight > 20% 
Walking to school 
Mode of carrying (hand)
Back pain last year 
Back pain physician visit 
Current back pain 
Back pain absence from 
school or sport
OR 3.1 (1.0-9.2)
OR 5.2 (1.7-15.7) 
OR 2.6(1.1-6.1) 
OR 9.4 (2.2-39.8)
Grimmer and 
Williams 
(2000)
9.7-12% of bodyweight (year 10 
boys)
12%+ of bodyweight (year 12 
boys)
21-30 minutes (year 9 girls)
21-30 minutes (year 11 girls) 
21-30 minutes ^ear 11 boys)
30 minutes + (year 11 boys)
Low back pain in the last 2 
weeks
OR 5.7 (14-23.3) 
OR 5.3 (1.0-28.4)
OR 4.6 (1.5-13.9)
O R 2 .9 ( l .1-7.6) 
OR 6.3 (1.5-40.6) 
OR 9 (2.0-40.6)
OR = Odds ratio
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2.1.18 Sociodemographic differences
There has been limited research on sociodemographic differences and back pain. One 
study reported black teenagers at 15 years of age had significantly higher rates of low 
back pain prevalence than did white teenagers (Olsen et al 1992). Another study found 
a significant residential difference among older children that indicated a higher 
prevalence for back pain in rural areas, suggesting this could be due to higher 
participation in the workforce in rural areas (Krisjansdottir 1996) (Table 15). Indeed, 
Harreby et al (1999) found that 22.2% of children had part-time jobs that involved 
heavy lifting. This was significantly associated with severe low back pain (p < 0.0001). 
Conversely, Taimela et al (1997) found no significant difference of low back pain 
prevalence between those living in urban conditions and those living in rural 
conditions. Watson et a/ (2002) found no difference in low back pain prevalence 
between children attending state and private schools. The limited amount of research on 
ethnicity as a risk factor for back pain makes it difficult to draw any conclusions and 
could be a reflection of cultural differences in the interpretation of the methods used 
rather than any real difference in back pain prevalence rates. Further research is also 
needed to determine if workforce participation contributes to back pain especially for 
children involved in heavy lifting.
Table 15. Summary of back pain and sociodemographic factors
Study Sociodemographic factors Back pain
Olsen et al 
(1992)
Black teenagers 
White teenagers
47% LBP 
31% LBP
P < 0.05
Kristjansdotti
r(1996)
15-16 year olds (city) 
15-16 year olds (rural)
22.7% weekly BP 
27.8% weekly BP
P <0 .01
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2.2 Discussion
The subject’s age, the criteria for diagnosis of back pain, and the methodology of these 
studies varied greatly, making comparisons difficult. In all cases, pain may derive from 
psychological sources, organic origins or an interaction involving both (Elliot and Jay 
1987).
Risk factors such as exercise, family symptoms, time spent watching television, 
smoking and psychological factors are difficult to validate in a questionnaire-based 
study due to problems with recall of such events and response rates of questionnaire 
based surveys.
Many of the studies asked about pain in specific areas of the body, usually the low 
back. This may lead the children to report pain in these areas, in effect giving the 
children a physical focus for other unknown problems. The researchers may create 
artificially high or low rates of back pain by the type of method used, and by directing 
subjects to the area they are interested in.
Many of the responses to questionnaires are not validated in population based studies 
and therefore it is difficult to draw conclusions from the findings. What is clear is that 
children of the age considered in this review (i.e. 11-14 years) have a sudden significant 
increase in low back pain reporting. Children may be learning to conceptualize and 
express the occurrence and severity of this type of pain and discomfort at this age and 
individual children may report pain as the result of one or many factors. It is unlikely 
that any one explanation is a risk factor for all children.
As some of the factors considered here are difficult to measure, it is important that the 
risk factors that can be reliably measured should be measured. For example mechanical 
risk factors have not been fully measured in schools using valid methods. This type of 
data collection is difficult to apply in a school setting hence the reliance on 
questionnaires, but it may be possible, using a combination of observation and 
validated questionnaires. Posture has not yet been recorded over a full school day in a
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school setting. It may be that poor posture contributes to back pain or that children 
adopt poor posture as a coping mechanism for back pain. Children may learn poor 
postural habits in school, which stay with them throughout their adult lives. Also 
children may have to carry increasing amounts of books and equipment to and from 
school. If there is also a decrease in physical education in school this may contribute to 
back pain in children. Increasingly there are reports on children suffering from painful 
backs and upper limb disorders. The mechanical risk factors present in schools should 
be recorded in a reliable and valid way to allow any relationship between exposure to 
these risk factors and the resulting outcome to be tested. There is the need for an 
epidemiological study to explore the relationship between children’s posture and back 
pain. The risk factors have to be measured using a reliable and valid method. The 
assessment of exposure to risk factors is discussed in the next section.
2.3 Assessing exposure to risk factors
This section discusses the assessment of exposure to risk factors to develop a suitable 
method to use in schools. Exposure is often assessed by the job title of the participants, 
with the self-administered questionnaire the most widely used method. In a review of 
72 studies on low-back pain Burdorf (1992) showed that 38 studies assessed exposure 
by job title only. Questionnaires were used in 27 studies, observational methods in 
seven and direct measurement techniques in six. When considering which methods are 
best to assess risk factors for musculoskeletal disorders it is usually a choice between 
subjective and objective methods. But human beings and their attendant subjectivity 
will always be part of scientific and technological measurement. Therefore so-called 
objective measures may have an element of subjectivity.
Some consideration must be given to the risks associated with musculoskeletal 
disorders and how these risks should be measured in schools. The dimensions to be 
measured must be defined before deciding how the measurement is to be accomplished. 
Critical functions and dimensions of greatest importance must be identified in any 
subsequent measurement (Muckier and Seven 1992).
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Winkel and Mathiassen (1994) suggest that measurements need to be kept relatively 
simple, therefore consideration must be given to the most critical dimensions and 
events. Moreover, to simplify may eliminate critical parts of measurement and 
important parts of performance variance may go unmeasured, unaccounted for, or 
unnoted. Measurement by convenience rather than by process dimensions and 
information needs could result.
Another issue is the meaning and interpretation of the measures. They should if 
possible have immediacy, understandability and directness and also reduce the need for 
interpretation in order to aid the precision of measure definition (Muckier and Seven 
1992).
It would be useful to have measures that can be used in many test and research settings 
leading to standardisation and better development of all measures. This would enable 
the results to be evaluated and compared across different situations (Muckier and Seven 
1992).
When work postures or manual materials handling have been measured the data have 
often been collected from self-reports, (i.e. the workers themselves estimate their 
exposure) (Winkel and Mathiassen 1994). Self-report (questionnaire or diary) offers the 
possibility of studying a large number of individuals at a modest cost. Furthermore 
information can be collected about a variety of different exposure variables. The 
questions may also be designed to aim at exposure over a longer period whereas direct 
methods only convey exposure information about the recording period.
2.3.1 Subjective measures
The use of questionnaires and diaries may be warranted only when gross postural 
activities such as sitting, standing and walking are assessed. Postural load due to trunk 
posture is best assessed with observation techniques or direct instrumentation (Burdorf
1995). Therefore it would be acceptable to assess the extent of back pain experienced
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by children by either questionnaire or diary, but it would be difficult to quantify the 
exposure to risk factors using such methods.
Wiktorin et al (1993) suggested that it is much easier for subjects to give a correct ‘yes’ 
or ‘no’ answer than to quantify duration or frequency in more detail. A six-point time 
scale, a five-point distance scale, and a four-point frequency scale were used in their 
study. They all appeared to be too detailed to accurately reflect the exposure variables 
(sitting, trunk bent forward 20-60°, head bent forward, all expressed in time, lifting 1- 
5kg, expressed in frequency, and distance walked in kilometers). Only the length of 
time spent sitting could acceptably be quantified at a three-point level (kappa 0.52). It 
may be possible for children to quantify sitting on a similar three-point level. The items 
in the time scale were described as proportions of the total observation time. Subjects 
may find it more difficult to estimate proportions of time than to estimate minutes or 
hours.
It seems that it is possible for adults to discriminate between being exposed and 
unexposed to certain postures or manual materials handling occurring during an 
ordinary workday or part of a day. The ability to quantify these exposures in more 
detail seems to be poor. Thus self-reported exposure to certain postures and handling of 
loads of more than 5kg may, under certain conditions, offer sufficient accuracy to be 
used in epidemiological studies in which the relative risks are known. Respondents can 
identify whether they have been exposed to a particular stressor or not, but they do not 
give reliable information either on the nature or on the magnitude of the exposure 
(Wiktorin gfaZ 1993).
Wiktorin et al (1993) showed a weak correlation between self-reports and reference 
measurements and concluded that it may be easier for subjects to perceive bending their 
trunk markedly forward than bending it only moderately forward.
There have only been a few and partly contradictory studies published concerning the 
validity of quantitative data on work postures and manual materials handling obtained
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by self-reports (Baty et al 1986, Woodcock, 1988, Kuorinka and Kilbom, 1990, 
Burdorf and Laan, 1991, Hildebrandt and Bongers, 1992).
A short recall period may help to minimize memory errors. On the other hand the recall 
period could be too short, making it difficult to discriminate between not being exposed 
and being exposed for a short period of time. Children may be able to estimate gross 
posture in minutes as a proportion of time for a short period, but this may not be an 
adequate measure of the risk factors. Vidulich et a/ (1991) suggested that asking for a 
rating immediately after trial completion minimizes the potentially damaging effects of 
memory decay and the opportunity for subjects to base their ratings on between task 
comparisons. This may be suitable for the quantification of lifting but would be more 
difficult for quantifying posture.
2.3.2 Objective measures
Winkel and Mathiassen (1994) suggest that objective methods offer more reliable and 
valid data than self-reports, and should therefore be preferred when recording current 
exposures. Assessments of task exposure should be based on direct recordings from 
several subjects, as individuals performing the same task may show large differences in 
internal exposure (Jonsson et al 1988). It may, however, be necessary to rely 
preferentially on self-reports to obtain data on retrospective exposures and seasonal 
variations.
De Looze et al (1994) state that posture can be recorded by the use of film, video, or 
photograph-analysis, automatic opto-electric systems or electrical transducers activated 
by body movements. All these methods have practical limitations and some are 
inappropriate for application on a large scale in a school setting, but the use of film or 
video may be suitable for use in school.
Wmkel and Mathiassen (1994) state that for each main target tissue in the body, 
operational exposure measures need to be defined. The basis for these measures is 
suggested to be real time registrations of head, arm, hand, trunk and leg postures. They
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may be recorded by angle transducers indicating deviations from line of gravity or 
angle between body parts. Other important exposure variables, such as weight of 
handled objects should be considered by other methods, e.g. direct force measurement 
and EMG.
When objective methods are used it is important to reduce any effect the measure will 
have on the participants. Behavioural scientists have known for a long time that the act 
of measurement can interfere with the process being measured. Webb et al (1966) 
argued that one of the great virtues of unobtrusive measures is to minimize 
measurement reactivity.
2.3.3 Direct observation measures
Direct measures used in a school setting are likely to change the behaviour of the 
children involved. The presence of the camera may distract the children. It may be 
advisable to use direct observation methods as a compromise (i.e. less obtrusive but 
more accurate) between objective and subjective measures to reduce such changes. 
Direct observation methods should be simple to use, easy to leam, allow fast and 
simple data processing, be cheap, reliable and valid (Foreman 1988, Corlett et al 1979). 
This type of method may have some effect on the participants, but as they become 
accustomed to the presence of the observer and/or recording equipment the effect 
should reduce.
Corlett et al (1979) suggest that the task of observing frequently at a particular instant 
all postural aspects and recording them, while the subject is moving, is too complex. 
The results of this observation study in which dynamic industrial tasks were compared 
from slides and in real time, demonstrate that the postural data resulting from 
observation were not valid, although the observational task was optimized by ideal 
viewing angle, computerized recording of observations and presence of body markers. 
Therefore dynamic tasks require less simple, more time-consuming techniques of 
analysis, (e.g. recording on film or video) and analysing afterwards.
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For less complex tasks Douwes and Dul (1991) suggest that under ideal conditions an 
observer is capable of estimating angles of static body segments to a high level of 
accuracy (within 3°). In occupational settings conditions for observation are often not 
perpendicular to the plane of motion. If conditions allow such perpendicular 
observation it would be a very acceptable form of measurement.
As direct measurement is increased, precision is increased as is cost and training 
requirements (figure 7). If a large number of people are needed for the study this will 
limit the use of direct measurement. It is difficult to include’ a large number of 
participants or deal with past exposures very well unless indirect methods are used.
There have been few studies that have used self-reports by children to assess sitting 
posture and lifting and carrying school bags. It is unlikely that children would be able 
to quantify sitting posture and lifting in a more accurate fashion than adults. The next 
chapter discusses methods used to record posture in more detail.
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Figure 7. Comparison of direct and indirect measures 
source: Winkel et al (1991)
2.4 Posture based methods
This section discusses posture-recording methods with the intention of choosing the 
most suitable method to use in a school setting. The most commonly used methods to 
assess exposure to risk factors are posture-based methods. Posture recording has been 
in existence since the 17th century when Beauchamps-Feuillet developed a method for 
choreography. Labanotation (Hutchinson 1954) and Benesh notation (Benesh and 
Benesh 1956) are still used for choreography. Benesh notation was later used by 
Kember (1976) to assess posture. Both these methods take a great deal of time to leam 
and so are unsuitable for widespread industrial use. The need for exposure tools, which 
are suitable for quick assessments and are highly accurate has lead to the development 
of a wide number of systems.
2.4.1 Observational methods
Some of the most common forms of posture assessment used in industry and research 
are pen and paper based techniques. Priel (1974) proposed a method using a paper card
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called a Posturegram. A major criticism of this method is that each posture takes 
several minutes to complete and is therefore unsuitable for dynamic postures.
The Ovaka Working Posture Analyzing System (OWAS) was devised by Karhu et al 
(1977) at the Ovaka Steelworks and the Finnish Institute of Occupational Health. The 
data input and output procedures can be automated for computer analysis and the 
system has been used in various studies (Karhu et al 1981, Kant et al 1990, Kivi and, 
Mattila 1991, Scott and Lambe 1996). OWAS is quick to leam and easy to use. The 
system has been criticised as it does not give a more detailed examination of basic 
postures. Also the available posture categories are too broad to provide an accurate 
description of the posture and associated ergonomic stresses (Keyserling 1986).
Another posture analysis system i.e. Posture Targeting, was developed by Corlett et al 
(1979). Posture Targeting consists of a diagram of the body with a set of segmented 
circles or targets adjacent to each part of the body diagram. As with OWAS the system 
is simple and quick. Posture Targeting is not suitable for postures, which are adopted 
for a single occasion and not held for more than fifteen to twenty seconds. There is also 
no available criteria for deciding whether recorded postures are appropriate or not, and 
no allowances for the exertion of forces whilst holding the postures.
Gil and Tunes (1989) proposed a method to record sitting posture, using school 
children aged thirteen to seventeen in a classroom setting. Postures are recorded on a 
card that contains four different postural configurations. When more dynamic tasks are 
involved or where postures change rapidly, filming or videotaping the tasks is 
recommended.
McAtamney and Corlett (1993) described the development of a tool to investigate 
exposure to factors associated with work related upper limb disorders. RULA (rapid 
upper limb assessment) considers posture, force and muscle use. RULA is similar to 
other pen and paper based methods and is quick and easy to use and easily understood 
by those who are using it; however the system does not quantify the actual risk 
involved for musculoskeletal injuries.
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PLIBEL (a method for the identification of musculoskeletal stress factors, which may 
have injurious effects) was designed by Kemmlert and Kilbom (1987) to be a simple 
screening tool. It is in the form of a checklist to quickly and systematically screen for 
ergonomic hazards in the workplace, relative to five body regions. Neck/shoulders and 
upper part of back, elbows/forearms and hands, feet/knees and hips, and low back. 
There are several concerns with the use of PLIBEL. The system does not include rare 
events or peak loads, and when there is a combination of risk factors, it is difficult to 
justify the magnitude of risk. In addition the inter-observer reliability is low (Kemmlert 
1995).
HAMA (Hand Arm Movement Analysis) was developed to analyse stress on hands and 
arms for tasks involving the upper limbs (Christmansson 1994). The system does not 
have any reference data for the description of the exposure level and does not consider 
the stress in body parts other than the upper limbs.
REBA (Rapid Entire Body Assessment) (McAtamney and Hignett 1995) was 
developed on the basis of the RULA system to evaluate tasks where postures are 
dynamic, static, rapidly changing or unstable. REBA has the same advantages as other 
pen and paper based techmques i.e. it is quick and easy to use, but again does not give 
detailed exposure data over a long period.
Quick Exposure Check for Work Related Musculoskeletal Risks (QEC) was developed 
by Li and Buckle (1998). The aim was to develop a practical tool for health and safety 
personnel to assess exposure to known risk factors for work related musculoskeletal 
disorders. Improvements may be needed with the system particularly for the assessment 
of shoulder/upper arm and wrist/hand repetitive movements. QEC also needs further 
refinement in the scoring system and the development of a training process for the use 
of the system.
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2.4.2 Computer based observation
PEO (Portable Ergonomie Observation) Fransson-Hall et al (1995) was developed to 
make real time observations providing information on sequence, duration and 
frequency of the observed activities. The method requires the observer to continuously 
register the posture and activities of the participant using a computer. The duration and 
frequency of events are calculated for four body regions as well as for manual handling. 
For situations where the work is in a confined space or highly mobile a hand held 
computer can be used. The internal clock is used to record observations in real time, to 
the nearest tenth of a second. Before the observation begins the forces exerted by the 
participant can be measured by a dynamometer (when pulling) or scales (when lifting). 
Observations are made by the analyst pressing predefined keys at the start of an event 
and again when the event terminates. The data on the observations can be viewed and 
simple descriptive statistics can be derived presented as text and graphs. Fransson-Hall 
et al (1995) found agreement between observers was high. However the frequency of 
movement was underestimated and the frequency of lifts was overestimated for all 
professions involved in the study (cook, secretary, mechanic and furniture remover). 
The frequency of manual handling was overestimated for three out of the four 
professions. This could be due to the dynamic nature of the tasks and the difficulty of 
observing several categories at the same time.
2.4.3 Direct methods
Karpovich et al first published their electogoniometer study of joint motion during 
walking in 1960, the device has been a valuable tool in the study of motion and posture 
ever since. Goniometric methods involve a simple concept i.e. direct measurement of 
joint angles. Adams and Keyserling (1993) describe three types of direct measurement 
in relation to range of movement for personal protective clothing. A manual or 
universal full circle goniometer, a Leighton flexometer and an electogoniometer. Their 
findings for the three instruments were as follows.
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• Goniometer: cheap, easy to use, very durable, unobtrusive, and can measure 
most joint angles, the accuracy and precision depends on the skill of the operator.
• Flexometer: more expensive, reasonably simple to use, durable, highly 
obtrusive when worn over garments. Can only measure angles with respect to the 
vertical. Accuracy and precision depend on the skill of the operator.
• Electogoniometer: expensive, considerable set up is required but once the 
system is set up joint angle measurement and data collection are easy. Very delicate 
and prone to failure when worn under clothing and sensors are very easily damaged. 
Relatively unobtrusive, although cables can interfere with the participants movement. 
Only recommended for use on finger, wnst, elbow, hip and knee joints. Accuracy and
precision depends on sensor placement and the skill of the operator.
Tne results suggest that the goniometer was as accurate as the other instruments when 
clothing was worn and best used if assessing range of movement. The goniometer was 
also the cheapest instrument of the three, easier to use, more sensitive, more durable 
and less invasive. The electogoniometer was found to be unsuitable for research 
involving personal protective clothing. Attaching devices can change the participant’s 
normal motion pattern (Chao 1978) and the coordinates of the measured joints are 
unknown. Mounting, aligning and calibrating the instruments is a tedious task, which 
requires extra care to minimize error.
The Lumbar Motion Monitor (LMM) was developed by Marras et al (1992) to examine 
the dynamic, three-dimensional motions of the trunk in the workplace. This is usually a 
difficult task. The LMM is an exoskeleton of the spine that replicates the motion of the 
T sections in the lumbar spine. The exoskeleton is worn on the back and moves with the 
participant. The ends of each edge of the exoskeleton T section are connected via wires 
to three potentiometers in the base of the LMM. These wires differentially change the 
voltage readings in the potentiometers as the exoskeleton moves forwards, backwards, 
or to the sides. A cable through the junction in each T section is connected to a fourth 
potentiometer, which changes as the exoskeleton is twisted. The information on posture
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can be used along with load moment information for a quantitative biomechanical 
assessment of the participant and workplace. The LMM has been shown to be 
extremely reliable and twice as accurate as a video based motion-evaluation system 
(Marras e /a /1992).
The Portable Posture Registration Set (PPRS) (Snijders et al 1987 and van Riel et al 
1987) was developed to measure the inclination of the trunk, torsion of the spine and 
curvature of the spine in two directions: namely the sagittal plane (anteflexion and 
retroflexion) and frontal plane (latteroflexion). The PPRS can only be used on a small 
number of participants and is expensive and time consuming to use.
2.4.4 Video and two and three-dimensional systems
Photogrammetric analysis consists of joint coordinates or angular data obtained by 
either light reflective markers or light emitting diodes which are attached to the body. 
Cameras are used to record the posture or motion. Body reference markers are small so 
interference with motion is minimal. The reference points can be obscured and the 
system is time consuming with extensive calculations that may produce errors (Chao 
1978).
Optoelectric analysis is similar to photogrammetric analysis but uses a computer 
controlled optical detector in place of a camera. The use of a computer substantially 
reduces analysis time. The system is expensive and data accuracy depends on 
environmental lighting conditions (Chao 1978).
Video analysis systems are based on the same principles as photogrammetric systems 
but allow a much faster sampling rate. The VICON system (Oxford Medilog Inc. 1984) 
has up to seven TV cameras that capture the movement of markers attached to the 
participant’s body. The data are processed to give the three-dimensional position of the 
markers.
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The Expert Motion Analysis System consists of a video camera, a video recorder, a 
video monitor, a video processor, a personal computer and a plotter. The advantage of 
these systems is that they can measure posture in real time and the markers are easy to 
attach. The disadvantage is that the markers can be blocked or obscured in the same 
way as the photogrammetric methods. Cross point conflict can also limit the use of 
these methods, which occurs when the position of a marker is lost when in close 
proximity to another marker. Lighting conditions are crucial to successful analysis and 
the systems are very expensive.
VIRA was developed by Persson and Kilbom (1983) to analyse duration and frequency 
of postures and the evaluation of neck and shoulder disorders. The method was 
developed to study short-cycle repetitive work and is simple to use. It cannot however 
be used in real time and is limited to the evaluation of neck and shoulder disorders.
Keyserling (1986) developed a system (standard posture classification system) to 
overcome some of the problems associated with real time posture analysis (for example 
frequent posture change with no cues for change, and postures that are held for a very 
short period). In this system the analyst must constantly focus attention on the operator. 
Recording several points is therefore very problematic as the analyst is quickly 
overloaded. The system is easy to leam taking around two hours of training to produce 
reasonably consistent results. Difficulties arise when the posture of interest is near the 
boundary of two standard postures in the system.
Van der Beek et al (1992) describe the use of TRAC (Task Recording and Analysis on 
Computer). TRAC was a further development of a system first proposed by Clark et al 
(1987) and Ridd et a/ (1989). The subsequent analysis allows the investigation of the 
relationships between activity, load, workplace appliances or goods handled and the 
corresponding working postures.
Wiktorin et al (1995) designed HARBO (Hands Relative to the Body) to cover long 
periods of observation (i.e. several hours). The method is easy to leam, simple to use 
and can be used in any situation that an observer can access. It is reliable and relatively
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low cost as there is no extra time needed for data analysis. However a major drawback 
of the system is that it does not consider twisted postures or manual materials handling.
Goldman and Nadler (1956) developed a sonic system to measure displacements, 
velocities, and accelerations of body segments. Microphones pick up ultrasonic waves 
generated by oscillators strapped to the participant. The frequency received varies from 
the emitted frequency according to the Doppler effect. Therefore received frequency is 
directly proportional to velocity. The system is not suitable for measurement of joint 
coordinates or joint angles (Fleischer and Lange 1983, Berners 1986, Fleischer and 
Becker 1986). These studies were limited to the measurement of a single joint as they 
only used three transmitters and the transmitters had to face in specific directions which 
limited the ability to measure certain types of motion. Most of these systems are very 
expensive and time consuming to operate. Obscuring the landmarks is a general 
problem which limits their applicability.
Hsiao and Keyserling (1990) overcame some of these problems by using two 
transmitters and four receivers to measure static three-dimensional joint coordinates. 
The system uses a personal computer interface to determine the distance between 
transmitters positioned at body joints and the receiver positioned near the participant by 
measuring the travel time of ultrasound. The system is much cheaper than other sonic 
systems and can accurately measure static posture. The use of redundant receivers 
means there are few blocking problems, and computerized data reduction allows fast 
computation of joint coordinates and angles. However the system is limited to use in 
the laboratory.
In electro-magnetic systems such as 3 SPACE Isotrak and Fastrak (Polhemus Inc., 
Colchester, VT) pulsed magnetic fields are emitted by a transmitter to track the position 
and angular orientation of lightweight receivers. The receivers are mounted at body 
points, and inputs from the sensors are sent to the computer, the position and 
orientation of the sensors with respect to the transmitter are then calculated. The system 
allows the measurement of complex joint movement such as the shoulder (Johnson and 
Anderson 1990). Hindle et al (1990) and Slobounov et al (1996) reported the
59
application of electro-magnetic motion tracking systems is limited to within a certain 
range of 1.2m to 3.0m. In addition when the system is used in practical work sites it 
may be affected by the magnetic field produced by surrounding equipment.
Accelerometer based devices have also been used to measure posture and activities. 
Acceleration sensitive sensors are small monolithic silicon bridges acting like a weight 
on a spring, with thin beams that are resistively sensitive serving as springs. The device 
responds to changes in acceleration but is sensitive only in one direction. The devices 
can discriminate between static postures such as lying, sitting or standing, and dynamic 
activities such as walking or cycling over a long period of time (Tulen et al 1997, 
Walker g/ al 1997). Piezoelectric/piezoresistive accelorometers have been the preferred 
choices in recent studies (Fahrenberg et al 1996, Fahrenberg et al 1997). The method 
does not give details of angular changes of body segments and records may be 
influenced by environmental conditions such as temperature, damping and passive 
motion such as riding in a vehicle.
2.4.5 Computer modelling
There are many man-modelling CAD (computer aided design) systems in use 
essentially design tools which enable evaluations of postural comfort and assessment of 
clearances, reach and vision to be conducted on early designs (Porter et al 1995). One 
of the most widely used systems is SAMMIE (system for aiding man-machine 
interaction evaluation) developed at Nottingham umversity and subsequently 
Loughborough. The system is a versatile three-dimensional system comprising a 
variable man-model with joint angle constraints and a workplace modeller. The system 
has a wide range of applications and advantages include reduction in the time scale, 
early input of ergonomics, 3D analysis and improve communication between 
ergonomists and others involved in the design process. For a detailed description and 
examples of case studies using SAMMIE see (Porter et al 1995).
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2.4.6 Postural load data
Exposure to postural loading over long periods of time can produce changes in spinal 
characteristics. Measuring changes in total stature can show the effects produced by 
postural load (Eklund and Corlett 1984). A precision stadiometer is required to measure 
spinal loading. The use of this equipment requires close control of the experiment and 
measuring procedure. Changes in stature of about 0.5 mm can be identified, which 
means participants should be used as their own controls. Althoff et al (1992) noted that 
where close control is exercised an accurate and reliable measurement of stature change 
and hence an estimation of spinal stress is possible in practical situations. The size of 
the equipment may rule out spinal loading measurement in some situations and it is 
difficult to tightly control all variables.
2.4.7 Electromyography
Electromyography (EMG) has often been used to assess postural strain since a high 
correlation exists between EMG activity and muscular force for both static and 
dynamic activities (Hagberg 1981). As the muscle begins to fatigue there is an increase 
in the amplitude in the low frequency range of EMG activity (Petrofsky et al 1982). 
There is also a shift in the frequencies towards the lower end of the spectrum as fatigue 
occurs. Occupational EMG records are usually taken from surface electrodes attached 
to the central part of the muscle where most of the active fibres lie. The amount of data 
produced by EMG is very large and can create difficulties in storage and analysis. EMG 
is good for assessing which muscles are being used but is of more limited use in 
assessing fatigue levels. Artefacts are common such as movement artefacts, changes in 
recording due to temperature changes or muscle isolation.
2.4.8 Combination of methods
A number of studies have combined observational methods and direct recording. 
Punnet and Keyserling (1987) used a video camera and a portable electromyography 
(EMG) monitor system as did others (Armstrong et al 1979, Foulke et al 1981,
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Armstrong et al 1982). A display of the EMG signals and a frame number are placed 
near the hands of the worker within the camera field. The workstation, the worker’s 
posture, the EMG signal and the frame number are filmed simultaneously. This type of 
analysis is time consuming and costly for recording and analysing a large number of 
jobs, especially if those jobs are not short cycle and highly repetitive. Filming one 
worker on one occasion assumes that within job variability and individual variability in 
task performance is negligible. This is a big drawback of this system (Trevelyan 2000).
Wells et al (1994) also combined observational methods and direct recording methods 
to assess risk factors in the workplace. Musculoskeletal loads are recorded over time 
and superimposed onto a video recording. Data on musculoskeletal stresses are 
collected using the system described by Moore et al (1991). The system used by Wells 
et al (1994) allows loads on the head, wrist, shoulder, and back during manipulative 
tasks to be collected simultaneously with video records of the movements. The system 
is sensitive to low level stress on the musculoskeletal system but is time consuming and 
expensive. Also some loads are not readily visible for example elevation of the 
shoulders.
2.4.9 Subjective methods
The Borg scale epitomizes subjective methods for posture assessment (Borg’s Scale 
RPE, rating for perceived exertion, Borg 1985). The steps of the Borg scale have been 
adjusted so that the ratings from 6 to 20 are linearly related to the heart rate divided by 
ten. The scale is presented to the participant before the start of an exercise test and the 
end points are defined. The scale is shown to the participant after the activity when they 
are asked to rate their perceived exertion. This type of rating is important as it allows 
the investigator to explore how the activity feels to the participant.
Other subjective methods use muscular pain as a measure. The participant is asked to 
identify the site(s) of discomfort on a body map divided into segments, then rate the 
intensity of discomfort on a five or seven point scale, which varies from no discomfort
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to extreme discomfort (Corlett and Bishop 1976). The score can be plotted against time 
of day for each body site.
The body mapping procedure can also be used when time is limited. The participant 
rates the site, which is most uncomfortable then the next most uncomfortable and so on 
until no more sites are reported. Again these sites can be plotted against the time of day. 
The method used in this way can quickly reveal the most heavily loaded body parts.
The Nordic Musculoskeletal Questionnaire (Kuorinka et al 1987) is used to gather data 
on musculoskeletal problems. The Institute of Occupational Health in the Nordic 
countries designed the questionnaire to provide a standard format for gathering data on 
musculoskeletal disorders. The questionnaire can also be supplemented by additional 
questions. The UK Health and Safety Executive made small modifications to the 
questionnaire to make it less ambiguous for native English speakers (Dickinson er al 
1992). The Questionnaire has a personal details section, followed by a general survey to 
obtain estimates of prevalence of disorders and disability. There are then four further 
sections that seek more specific information for four body areas and aim to establish the 
severity of any disorder. The final section includes an opportunity to give more details 
of the work of the respondents. Kuorinka et al (1987) emphasized that a minimum 80% 
return is necessary if prevalence rates are to be realistic. The questionnaire is designed 
to identify sites of pain or discomfort and then collect further information on the 
duration of the problem (over the previous year) and the extent to which this it has 
affected work activities. These are both important in assessing the severity of the 
problem. The questionnaire can also be used at a later date to assess if any changes 
have been successful.
There have been many techniques developed to measure the postures adopted by 
workers performing their regular activities. If the method is to be used in the workplace 
it is important that it provides a thorough initial investigation. This helps the observer to 
understand the nature of the work and whether the task needs to be broken down so that 
a successful observation is possible. In such studies the researcher must choose a 
method which provides a balance between validity and practicability. Knowledge of the
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methods available to assess posture and activities and their advantages and 
disadvantages is necessary before a suitable system can be chosen.
2.4.10 Choice of methods
Most systems can be classified into two categories, either they are continuous but are 
only suitable for use in the laboratory (e.g. film and video methods) or they can be 
applied in real working situations but are discontinuous and subjective (e.g. pen and 
paper methods). In general, pen and paper based observation techniques are 
inexpensive and easy to apply. They are best for static jobs where the body postures are 
held for longer periods of time, or the body movements follow a simple pattern that is 
repeated during work. Many methods determine the load on a worker performing a 
stereotypical activit)-, but the total load experienced over a full working day is seldom 
assessed. There are few quantitative criteria available to define work postures 
appropriate for the task being performed and duration allowed to maintain specific 
postures in a particular work environment (Haslegrave 1994).
Observations are often used over a short period for a selected group of participants 
typically covering a few complete work cycles or a set time of up to one hour during a 
normal working day. It should be questioned whether such an approach presents valid 
exposure assessments for the participants and whether the exposure pattern is 
representative for workers in the same job (Burdorf, 1992, Winkel and Westgaard 
1992b). Burdorf (1995) suggested that direct observation techniques may be able to 
discriminate between estimates of load for individual workers when a limited number 
of exposure parameters are recorded simultaneously. Therefore systems such as OWAS 
are sufficient to identify work activities which may be hazardous when only moderate 
accuracy and precision are required (Matilla et al 1993). The main shortcoming of 
subjective assessment by observers is that they are not exhaustive in their assessment of 
the operator (Chen et a/ 1989). Two observers may assess the same job in different 
ways and have different priorities about what they consider to be the most important 
aspect of the job. There is always the potential for the assessment to be inaccurate, 
either as a direct result of the system not covering the risk factors involved in the job or
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the observer missing important aspects of the job. Finally pen and paper based systems 
do not have any reference data for the description of the exposure levels (true for all 
observation methods) and can at times be an over simplistic approach for complex 
posture assessment.
Exposure to risk factors for musculoskeletal disorders may require direct measurement 
or more sophisticated measurement techniques, for example video analysis or two or 
three-dimensional analysis. Video techniques and direct instrumentation are to be 
preferred when the modelling of exposure parameters is an essential part of the study, 
for example if a biomechanical analysis is to be performed as part of the study. This 
type of technique may provide satisfactory information but the information gained from 
measures such as goniometers and the Lumbar Motion Monitor is limited. The 
equipment can at times be intrusive and cause changes to the worker’s posture. The 
more elaborate measures are much more expensive and time consuming and are often 
unsuitable for application in the workplace and use on large numbers of participants in 
epidemiological studies. They are extremely labour intensive and their applicability is 
limited to stationary jobs with repetitive movements (Âaras and Stranden 1988). Indeed 
some can only be applied in the laboratory under strict experimental conditions.
Burdorf (1995) suggests that assessing gross postural activity by questionnaire defined 
as either duration of sitting or duration of standing or walking, may be appropriate. 
When a questionnaire is considered for this purpose, a diary kept on the participants 
over several shifts can offer the advantage of collecting variation in exposure. However 
some authors maintain that if the person reports that they are loaded and effortful then it 
does not matter what other measures may show (Moray et al 1979).
The reason for the research will influence the final choice of method, since the method 
must be shown to be suitable for the area it is to be used. Methods for posture or 
movement assessment are usually designed for a particular research purpose and can 
sometimes be used in the wrong situation. Most of the systems discussed use different 
classification of posture, load and movement therefore it is difficult to compare 
methods. Great care must be exercised when choosing an appropriate method.
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Another important factor to consider when deciding on a method for posture analysis is 
whether time sampling is sufficient or whether the analysis would be more 
representative if conducted in real time over a longer period. Currently there are no 
general guidelines available to evaluate the trade-off between repeated and prolonged 
measurements in a group of workers (Burdorf and Van Riel 1996). A detailed study of 
the work before the analysis begins will be crucial for such decisions.
Another problem is deciding which risk factors are more important, how the measures 
of these factors should be weighted and how they interact (Silverstein et al 1987). Once 
the level of exposure is measured a decision may be needed on what, if any, level of 
exposure is safe. This is very difficult, as there is very little known about interactions 
between the exposure risk factors (Winkel and Westgaard 1992b). Some of the systems 
discussed have attempted to give an overall exposure level allowing for an interaction 
between risk factors for example RULA, REBA and QEC. However the scoring 
systems of such methods are largely hypothetical and more research is needed to 
quantify the relationship between different risk factors.
In any trade off between validity and practicability the views of both the practitioner 
and the expert should be considered. Buckle and Li (1996a) found that practitioners 
want a tool that is quick and easy to use (preferably the assessment should be 
completed within ten minutes), user fnendly, flexible, has no unnecessary data 
collection, simple, comprehensive and reliable. Any assessment should as a minimum, 
cover the following major categories of risk: manual handling; repetitive work; static 
muscular work; vibration; psychological demands of the work. For each of these areas 
it would also be useful to know: how long the worker was exposed each day (duration); 
how frequently the exposure occurred (frequency); and how great was the magnitude of 
the exposure (intensity) (Buckle 1997).
The methods used in the study must identify the postural risk factors in schools. Using 
questionnaires will provide useful information on health but a valid observation 
technique is also required. The following chapter states the overall aims and objectives 
of the study.
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Chapter 3. Methods
This chapter concerns the selection and development of the measures to be used in the 
study. This was comprised of two investigations both cross-sectional in design. One a 
questionnaire-based survey and the other an observation study of a sub-sample of the 
questionnaire respondents. Firstly the development of the questionnaire is discussed 
and then the development of the observation method. Two pilot studies are presented 
with the results and the implications for the main study.
The methods used in schools should cover the following criteria as far as possible.
• Include the three dimensions of exposure (intensity, duration and frequency)
• Be questionnaire based
• Offer continuous recording of exposure
• Be unobtrusive in the classroom
• Be valid
• Be reliable
• Feasible to use the method(s) in schools
The criteria were then compared to types of methods (Table 16). None of the existing 
methods satisfied all the criteria, therefore new methods must be developed, or those 
methods which came closest to fulfilling the criteria, should be adapted to suit the 
participants and the research setting. This could be achieved by using a number of 
methods. Direct measures or direct observation methods are most suitable to record the 
exposure to physical risk factors. If the direct observation is planned and executed to 
accurately reflect the intensity, duration and frequency of the exposure and can be 
shown to be valid and reliable. Self-reported questionnaires are the most cost effective 
method to record health outcome and possible risk factors in a large group of children.
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Table 16. Methods essential criteria
Self report Direct measure Observation
Exposure y y
Questionnaire y
Continuous y y
Unobtrusive y y
Valid y ?
Reliable y ?
Feasible y y
{ /  Satisfies the criteria)
It is therefore proposed to use self-reported questionnaires to record health outcomes 
and potential risk factors in schools. It is also proposed that the portable ergonomic 
observation method-(PEO) (Fransson-Hall a/ 1995) will be used to record exposure 
to physical risk factors in the classroom after the method has been validated.
3.1 Questionnaire
A modified version of a questionnaire developed by the Arthritis Research Campaign’s 
Epidemiology Research Unit at the University of Manchester (Watson et al 2002 In 
Press) was used to ascertain the extent of musculoskeletal disorders, discomfort and 
possible risk factors associated with musculoskeletal disorders. The questionnaire 
included information such as height and weight, postures such as standing and sitting 
for prolonged periods. Information was collected regarding school bags, mode of travel 
to and from school, provision of storage space within school, level of physical activity 
and fitness, participation in sports and mechanical factors relating to jobs held outside 
school.
3.1.1 Comprehensibility, validity and reliability
The low back pain items on the questionnaire were assessed by the University of 
Manchester for comprehensibility, validity and reliability in schoolchildren aged 11-14 
years (Watson et al 2002). Comprehensibility was determined in a pilot study of 128 
children, firstly by very high completion rates for single items in the questionnaire and 
also by the investigators, present during questionnaire completion to help with
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difficulties, who noted very few queries related to understanding the questions. 
Reliability was ascertained amongst a sub-population of 25 schoolchildren who 
completed the low back pain questions using a test re-test procedure with a two week 
interval: 80% of the children recorded the same low back pain status. Validity of low 
back pain status was assessed during the main study by Manchester (Watson et al 2002) 
amongst 912 children who were interviewed after completion of the questionnaire. In 
83% of cases, low back pain status, as ascertained by the interviewer, was the same as 
that derived ftrom the questionnaire responses.
3.1.2 Modification of the questionnaire
The Manchester questionnaire used a pre-shaded manikin to indicate the presence of 
low back pain as this was the main focus of the questionnaire. It was decided for the 
present study that a body map be used in place of the pre-shaded manikin in order to 
identify areas of the body, which may have been associated with physical stressors in 
schools i.e. neck, upper back and low back. The pain categories used were taken from 
the Nordic Musculoskeletal Disorders Questionnaire (Kuorinka et al 1987)) to indicate 
the region(s) of pain and discomfort experienced by children. This questionnaire has 
been recommended by the Health and Safety Executive for use in workforce surveys 
(Dickinson el cf/1992).
3.2 Pilot study 1
A pilot study was conducted in order to ascertain the comprehensibility of the modified 
pain items on the questionnaire and to validate questions on schoolbags and posture.
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3.2.1 Design and subjects
The study was cross-sectional in design. The study population was made up of 145 ten 
year old children who attended a science fair in Aldershot, UK over a three day period. 
The children were divided into groups of eight to ten and each session lasted 30 
minutes. The study comprised of a short questionnaire, which included details on age, 
height and weight, musculoskeletal pain in the last week and year, type of schoolbag, 
method of carrying and sitting posture. The researcher recorded the children’s height 
and weight. Comprehensibility was determined as by the University of Manchester 
firstly by very high completion rates for single items in the questionnaire and also by 
the investigators who were present during questionnaire completion to help with 
difficulties, again noting no queries relating to understanding the questions.
3.2.2 Materials and Methods
Standard bathroom weighing scale, wall mounted tape measure, standard plastic school 
chair and standard single school desk. The desk and chair were placed against the wall. 
Two shoulder small rucksack, hand held sports bag and one shoulder strap bag. Each 
bag had a 2.5kgs weight placed inside. The weight was inserted into a padded 
cardboard box to aid stability.
3.2.3 Self-reported musculoskeletal pain
The first section of the questionnaire concerned aches or pains the children had 
experienced over the previous seven days and the previous year. The areas of pain were 
located using a body map. The children were also asked to rate the pain, when at it’s 
worst, on a three-point scale of smiley faces (©,©,©). The children were told not to 
include headache, stomach ache and sore throat when reporting pain.
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3.2.4 Sitting posture
The third section of the questionnaire concerned sitting position when sitting at school. 
Each child was taken through this section individually while seated. They were asked to 
circle one of the drawings, closest to the way they were sitting at the time. The researcher 
then recorded the approximate sitting position on the same scale using the predetermined 
angles (0, 20,45 and 60°). A vertical line was drawn on the wall and then at 20°, 45° and 
60° from the height of the chair base (see figure 8). The chair was positioned so that the 
vertical line passed through the centre of the trunk of each child with the desk in front of 
the chair.
I
Figure 8. Lines used to identify sitting posture
The children were then asked the following questions;
Is this was the way you usually sit at school?
If not, how do you usually sit?
Do you ever have to twist your back to see the teacher or blackboard?
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Do you ever have to twist your neck to see the teacher or blackboard?
Do you ever have to bend your neck forward to see the work you are doing on the 
desk?
How long do you spend sitting in school each day?
The children were prompted by suggesting they think about how many classes they had 
each day, how long they lasted and how many breaks they had.
3.2.5 Type of bag and method of carrying
The second section of the questionnaire concerned the type of school bag and the 
method used to carry the bag. The children had to select a picture of a schoolbag closest 
to their schoolbag by ticking a box and indicate if they carried it on one shoulder, two 
shoulders or in one hand. When the children had finished all sections of the 
questionnaire they were asked one at a time to demonstrate the type of bag they used 
and the method they usually used to carry the bag. The children were asked to pick a 
bag from the ones provided and show the researcher how they carried the bag on the 
way to and from school.
3.2.6 Statistical analysis
Descriptive statistics were calculated for the pain categories (table 17). Statistical analysis 
was performed to test the validity of the questions on schoolbags and posture. The rates 
of self-reported pain were also calculated as were crude odds ratios for the association 
between self-reported pain, schoolbags and posture.
3.2.7 Results
The main interest of the study was rates of back pain and the risk factors involved. 
Therefore the areas of interest were the neck, the upper back and the low back. Twenty 
seven percent of the children reported having neck pain in the last week and 45% in the 
last year. Sixteen percent reported having upper back pain in the last week and 25% in 
the last year. Twelve percent reported having low back pain in the last week and 20% in
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the last year. There were no queries relating to understanding the body map or the pain 
categories.
Table 17 Musculoskeleta pain last week and last year
Body area Pain last week Pain last year
Neck 27% 45%
Right shoulder 16% 24%
Left shoulder 12% 17%
Right elbow 10% 13%
Left elbow 5% 10%
Right wrist and hand 16% 29%
Left wrist and hand 7% 16%
Upper back 16% 25%
Lower back 12% 20%
Hips/thighs 8% 12%
Knees 24% 38%
Ankles/feet 32% 45%
3.2.8 Validity of type of bag, method of carrying and self-reported sitting posture
The agreement between the type of bag the children picked as representative of their own 
bag and the bag reported on the questionnaire (table 18) was kappa 0.804 (fair to good 
Fleiss 1981), substantial (Landis and Koch 1977) and good (Altman 1991). The agreement 
between the observations of the method of carrying and the method of carrying reported on 
the questionnaire was kappa 0.873 excellent (Fleiss 1981), almost perfect (Landis and Koch 
1977) and very good (Altman 1991). Therefore the questions on schoolbag and method of 
carrying the bag were included in the original format from the Manchester questionnaire. 
The agreement between observations of sitting posture and self-reported sitting posture (4 
categories) was kappa 0.268 poor (Fleiss 1981), fair (Landis and Koch 1977) and fair 
(Altman 1991). The agreement when 3 categories were used was kappa 0.335 poor (Fleiss 
1981), fair (Landis and Koch 1977) and fair (Altman 1991). The agreement when only 2 
categories were used was kappa 0.521 fair to good (Fleiss 1981), moderate (Landis and 
Koch 1977) and moderate (Altman 1991). It seems that children have limited ability to 
report their current sitting position.
73
able 18 Kappa agreement between questionnaire and observations
Questionnaire Kappa % agreement
Observation Type o f  bag .80 91.6
Method o f  canying .87 92
Seating ( 0 ,20f, 20b and 45 ) .27 51.2
Seating ( 0 ,2 0 , and 45 ) .34 77.8
Seating ( 0 and 45 ) .52 91.9
(f = front edge of seatb = back edge of seat)
The results are presented as odds ratios and 95% confidence intervals (table 19). The 
odds ratio is a comparison of the presence of a risk factor for disease (or condition) in a 
sample of diseased (or those with the condition) and non diseased (or those without the 
condition) controls. Many of the results had large confidence intervals. This implies 
that an increased risk is likely, but its magnitude cannot be accurately estimated 
(Silman 1995). Males had double the risk of self-reported upper back pain in the last 
year than females. Children who carried their schoolbag on one shoulder, compared to 
two shoulders, had approximately double the risk of neck pain in the last week (self- 
reported and observation). Those children sitting at 45° fiexion, compared to sitting 
upright, while completing the questionnaire had approximately a fourfold increase in 
risk for low back pain in the last year (self-report and observation). And those children 
sitting at 45° fiexion, compared to sitting upright, while completing the questionnaire 
had approximately a fivefold increase in risk of neck pain in the last year. The children 
were then given information on correct lifting and carrying of school bags, sitting 
postures and biomechanics of the spine:
Table 19 Factors associated with musculoskeletal pain
Factor (pain) OR 95% Cl
Male (upper back pain in the last year) 2.51 1 .1 4 -5 .5
Female (ankle and foot pain in the last week) 2.15 1 .0 6 -4 .3 8
Carrying on 1 shoulder, observation (neck pain in the last week) 2.38 1 .1 -5 .1 2
Carrying on 1 shoulder, se lf report (neck pain in the last 7 days) 2.9 1 .2 7 -6 .6 3
Sitting at 45°, observation (low back pain in the last 12 months) 4.29 1 .0 -1 8 .3 9
Sitting at 45°, se lf report (low back pain in the last 12 months) 3.92 1 .3 9 -1 1 .1 2
Sitting at 45°, se lf report (neck pain in the last 12 months) 4.85 1 .5 1 -1 5 .5 7
Twisting neck to see blackboard or teacher, se lf report 
(low back pain in the last 12 months)
3.51 1 .2 5 -9 .8 5
Bending neck forward to see work on the desk, se lf report 
(low back pain in the last 7 days)
5.26 1 .1 6 -2 3 .8 9
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3.2.9 Discussion of the pilot study results
The agreement between the self-reports and observations for the questions on 
schoolbags was acceptable to use in this study. However the questions on sitting 
posture were more problematic for the children. The kappa values increased as the 
categories decreased but the classification of sitting posture was poor to fair and 
therefore unacceptable as a measure of sitting posture. The increased risk for those who 
reported sitting at 45° flexion for low back pain was an interesting finding. There was 
increased risk for low back pain in the last year for those who were observed sitting at 
45° flexion and those who reported sitting this way. Kappa values were poor to fair for 
agreement between self-report and observations. The perception the children have of 
the way that they are sitting is therefore an important consideration in questionnaire 
surveys. Questionnaires are not suitable to measure sitting posture of children in 
schools, even at a very basic level which indicates that other methods should be used 
for this purpose. A summary of the variables associated with an increase in risk and 
those not associated with an increase in risk are shown in table 20.
Risk factor Neck pain Upper back pain Low back pain
Last week Last year Last week Last year Last week Last year
Male X X X / X X
Carrying school bag on 
1 shoulder (observed) ✓
X X X - X X
Carrying school bag on 
1 shoulder (self-report)
X X X X X
Sitting 45° (observed) X X X X X ✓
Sitting 45° (self-report) X X X X X ✓
Twisting the back (self- 
report)
X X X X X X
Twisting the neck (self- 
report)
X X X X X /
Bending the neck (self- 
report)
X X X X ✓ X
/  = Increased risk X = No increased risk
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3.3 Further modifications to the Manchester Questionnaire
Further changes were made to the Manchester questionnaire in order to consider the 
physical risk factors in the classroom mainly concerned with postural risk factors 
during lessons and as a result of the pilot study. Direct posture questions were included 
(the questions did not give accurate information as shown in the pilot study) in order to 
obtain information on the children’s perception of the school environment. The 
questions did show a significant association with increased risk for low back pain 
(crude odds ratios) in the pilot study. It must be stressed that the questions were not 
used as an accurate measure of children’s posture.
The time scale of 1 month and 1 week was used for pain categories in order to increase 
the validity of reporting as used in the Manchester questionnaire rather than the 1 
month and last year time scale of the Nordic Musculoskeletal questionnaire. The 
children were also asked to rate the pain if present when it was at its worst on a three- 
point scale in the form of smiley faces.
3.3.1 Chair feature Checklist
The posture questions in the pilot study did not give an accurate indication of the way 
children were sitting or using the furniture. In order to obtain information on school 
furniture rather than posture, it was decided to include a method that focused on aspects 
of the furmture. Therefore included in the questionnaire was a version of the chair 
feature checklist (Shackel et al 1969; Drury and Coury 1982) which represents a simple 
checklist designed to focus on chair details. A four-point scale is used to assess the 
effects of various aspects of the chair as experienced by the subjects while sitting in the 
chair. This then highlights areas of the chair that are inadequate. The method was 
included as it is quick and simple and capable of assessing the adequacy of school 
chairs as experienced by the children. The following question was also added to assess 
the height of school desks, as this would also influence the posture adopted by the 
children. Is the height of your desk? (too high for you, correct for you, too low for you 
or don’t know). The changes made to the questionnaire were minimal and included the
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same categories and time scales. The final version of the questionnaire was given to a 
group of 30 schoolchildren to test for comprehensibilty. All of the children fully 
completed the questionnaire and there were no queries relating to understanding the 
questions.
3.3.2 Strengths and Difficulties Questionnaire
The Strengths and Difficulties Questionnaire (SDQ) (Goodman 1997) was included 
with the Manchester Questionnaire and was also included in the modified version of the 
questionnaire. The SDQ is a brief behavioural screening questionnaire for 3-16 year 
olds. The Rutter questionnaires (Blander and Rutter, 1996) are long established and 
respected behavioural screening questionnaires are much shorter and easier to complete 
than the Child Behaviour Checklist (CBCL) (Achenbach 1991). The CBCL does have a 
self-completion questionnaire for children but is time consuming. The Rutter 
questionnaires are somewhat dated, and do not reflect the positive aspects of children’s 
behaviour, also there is no self-completion questionnaire for children (Goodman 1997). 
A factor analysis suggested that among children of normal intelligence an expanded 
Rutter questionnaire was tapping five distinct dimensions; conduct problems, emotional 
symptoms, hyperactivity, peer problems and prosocial behaviour (positive social 
behaviour). The SDQ was designed to be suitable for children, to fit on one page, cover 
the five dimensions above and be suitable for self-report and completion by teachers 
and parents. Strengths and difficulties should be well represented with an equal number 
of questions on each dimension. The SDQ has been highly correlated with scores on the 
Rutter questionnaire and the CBCL (Goodman 1997) and has been shown to distinguish 
psychiatric firom dental cases (Goodman and Scott 1999).
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3.4 Pilot study 2. Portable Ergonomic Observation (PEO)
This section deals with the calibration of the observer and the validation of the PEO 
method for use in the classroom. It is necessary to record children’s posture in detail. 
The Portable Ergonomic Observation Method was therefore used to record sitting 
posture in real time during lessons. The following definitions were used and are taken 
from the PEOflex user manual (Fredriksson 1999).
3.4.1 Trunk flexion
Trunk flexion is when the trunk is flexed forward within a range of angles. The degree 
of flexion is measured in relation to a frontal plane leading through the trochanter major 
when the body is in a neutral position. An imaginary line, corresponding to the vertical 
when the trunk is in the neutral position, starts at the height of the trochanter and goes 
through the centre of the trunk. When the degree between the line and the frontal plane 
is for example more than 20° moderate flexion is defined. When the degree is for 
example more than 60° extreme flexion is defined. As this study is mainly concerned 
with sitting posture a mid-point of flexion will be defined when the degree is more than 
45° (see figure 9).
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Figure 9. Definition of trunk flexion
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3.4.2 Trunk rotation
Trunk rotation is when the trunk is rotated around its vertical axis. An imaginary line 
leading horizontally through the shoulders represents the trunk. The degree of rotation 
is decided by the angle between this line and the sagittal plane through the breastbone 
(sternum) when the trunk is in a neutral position. When the angle between the line and 
the plane is more than 135° (or less than 45°) the posture is defined as trunk rotation 
(see figure 10).
FigurelO. Definition of trunk rotation
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3.4.3 Neck flexion
Neck/head flexion is the bent forward position of the neck and head. The degree of 
flexion is determined by an imagined frontal plane leading upwards through the middle 
of the body and a line originating at the ventromedial part of the sternoclavicular joint 
and running vertically through the temporomandibular joint. When the plane and the 
extended imaginary lines create more than for example 30° (see figure 11) neck flexion 
should be recorded.
Figure 11. Definition of neck flexion
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3.4.4 Neck rotation
Neck/head rotation is when the head is rotated more than a fixed amount of degrees. It 
could for example be 45°. An imaginary sagittal plane is running from the middle of the 
breastbone up to the top of the nose (when the neck is in neutral position) and divides 
the body into two parts. A line from the nose to the back of the head decides the 
position of the head. When the head is rotated and the line creates a bigger angle than 
for example 45° with the sigittal plane neck rotation is recorded (see figure 12).
mm#
Figure 12. Definition of neck rotation
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3.4.5 Methods for posture assessment in schools: calibration of the observer.
The calibration of the observation method involved direct measures in the laboratory 
because at this stage there was limited access to schools. Measurements were taken of a 
group of subjects in the laboratory using the Lumbar Motion Monitor (Marras et al., 
1992) and a goniometer. This equipment was used to set reference angles. The angles 
were those used in the PEO system. The observer spent a total of 10 hours in the 
laboratory over a period of 1-week observing a subject bending while wearing the 
LMM to trunk flexion of 20° and 45°. Six female and five male students at the 
University of Surrey were then observed standing while wearing the LMM. The 
students were directed by the observer to bend forward to the point where the observer 
judged the subject’s trunk to be at more than 20° or 45° flexion. A total of 110 
observations; 60 observations at more than 20° trunk flexion and 50 observations at 
more than 45° trunk flexion were made. During the observations a second observer 
recorded the angle of trunk flexion from the LMM and the angle of trunk flexion using 
a goniometer (figure 13). The flexion angles were recorded but not fed back to the 
observer. At this stage it was decided that neck flexion > 30° as used in the PEO system 
would be changed to neck flexion > 20° to be consistent with measurements of the 
trunk. The LMM and gonimeter were used, as they were quick to use and analyse.
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iFigure 13. Calibration of trunk flexion observations
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3.4.6 Calibration Results
The observations showed reasonable agreement with the LMM (72%) and goniometer 
(84%). The higher agreement between observations and the goniometer than 
observations and the LMM could be due to the positioning of the LMM on subjects. 
Therefore trunk flexion categories of < 20° and <45° were included in the PEO system 
to record the sitting postures of children in the classroom environment.
3.4.7 Methods
Eighteen schoolchildren, nine females and nine males, aged eleven to fourteen who 
attended a large secondary school in Surrey were studied. Posture was recorded using 
both PEO and Videotape. At the end of each lesson the children were given a short 
questionnaire relating to sitting posture during the lesson. The lessons recorded 
included: Textiles, English, History, Geography, Science (computer based). Biology, 
Religious Education and Art. The lessons were selected by the contact teacher at the 
school in order to ensure cooperation by the teachers involved and minimize disruption 
of lessons. Recording took place in both morning and afternoon lessons. The videotape 
recorder and computer equipment were set up at the back of the classroom and focused 
on one pupil, for the validation of estimates, per 30-minute session. The video camera 
was set between 1.5 and 2.5 meters from the subject, in the sagittal plane, with the thigh 
and trunk visible at all times. The children were aware they were being recorded and 
their behaviour may have been influenced by the presence of the camera. This was not 
considered an issue during the validation of the method.
3.4.8 Portable Ergonomic Observation Method
Observations of body postures were made in real time directly in the classroom using a 
Viglen Dossier 486 laptop computer. Eighteen children were recorded for 30 minutes 
each. The PEO screen set-up and the postures recorded were as shown figure 14.
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Figure 14. The layout of the PEO screen
Portable Posture
Ergonomic <w> Backseat Activities
Observationmet <q> Frontseat
hod <k> Workdesk
Post&Act
Trunk
<e> Truflex > 20° <1> Look
<r> Truftex > 45° -
File <t> Truflex > 60° <m> Read
20 <y> Trurot > 45°
TIME - Neck
<> Talking
<d> Neckflex > 20° <;> Listen
CLOCK
<f> Neckflex > 45° 
<g> Neckrot >45°
20:28:14
(hh:mm:ss) <s> Standing
<a> Supported
Obs-time: <z> Unsupported
00:02:16
Obs-time:
136
<Ctrl-Q> - Quit
In the PEO system when the observer presses the pre-defined keys, continuous visual 
feedback is provided by the posture being highlighted on screen. The start of the event 
is recorded and when the same key or a mutually exclusive key is pressed the end of the 
event is recorded. At the end of the observation, the PEO software gives a read out of
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the percentage of time spent in the recorded postures, the number of registrations of the 
postures, and the time of the start and finish of each event.
The categories included in the PEO system are selected according to risk factors in the 
literature (Fransson-Hall et al 1994). Trunk flexion > 45° was added as a medium range 
measure for sitting as pilot studies showed children sitting at this angle of flexion. All 
postures were recorded in relation to an upright sitting posture, i.e. trunk flexion > 20° 
were recorded when the subject’s torso was at an angle of 20° or more from vertical. 
Recording started around ten minutes after the start of the lesson to allow the children 
to settle down and become accustomed to the presence of the researcher.
3.4.9 Video analysis
After recording the lessons a video analysis was performed. The angles of interest were 
superimposed onto clear acetate placed directly on the TV screen (see figure 15). The 
TV screen may have introduced some error due to distortion. The frontal plane was a 
vertical line through the centre of the trunk from the trochanter major when the thigh 
was flat on the seat. 20° and 45° were marked on the acetate from the frontal plan. The 
position of the frontal plane was constantly adjusted throughout the analysis. This 
involved slight movement of the acetate forward and backward as the child moved in 
their seat. When the thigh was not flat on the seat the frontal plane was placed at an 
angle of 90° from the thigh. The video was stopped at 15-second intervals and 
measurements recorded. This was used for postures that were held for long periods and 
registrations that did not involve the estimation of angles. For postures that were held 
for shorter periods the time spent in the posture was measured from the time the subject 
moved into the posture until they moved out of the posture. This was calculated for one 
body area at a time (in seconds).
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Figure 15. On-screen measurement of trunk flexion 
3.4.10 Questionnaire
The questionnaire was distributed during the last ten minutes of each lesson. The 
questionnaire was concerned with the duration of sitting postures. The questions 
included line drawings of a figure sitting at a desk in three positions: upright, 20°-trunk 
flexion and 45°-trunk flexion and whether they sat on the front or back of their seat. 
The children had to choose which of the pictures was similar to the way they had been 
sitting, for most of the time, while working at the desk during the lesson and write 
down for how long (in minutes) they had been sitting that way (Figure 16).
88
Figure 16. Trunk flexion drawings
The children were then asked to indicate whether they had to twist their back or neck or 
bend their neck forward to see the blackboard, teacher or to see their work during the 
lesson (Fig 17). They were also asked to estimate the length of time they did each of these 
during the lesson.
Figure 17. Rotation and neck flexion drawings
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3.4.11 Percentage of time spent in postures (PEO)
The total usable subjects recorded by PEO, videotape and completing the questionnaire 
v^as 14 due to some of the videotape recordings being unusable.
PEG showed high agreement with the video analysis for trunk flexion > 20° (figure 18) 
and for sitting at the firont of the seat, back of seat, arms supported and unsupported. 
Trunk flexion > 45°, trunk rotation > 45°, neck flexion > 20° and neck rotation > 45° 
showed low agreement with the video analysis (table 21).
Table 21 PEG and video analysis (% time spent in posture)
Video analysis PEO
Observation (30 mins) Mean SD Mean SD Pearson’s
Trunk flexion > 20° 43.3 26.4 3&5 19.9 r = .926**
Trunk flexion > 45° 1.9 3 5.8 11.1 r=.450
Trunk rotation > 45° 5.5 10 4.6 5.8 r=.241
Neck flexion > 20° 2Z6 9.6 6.1 7.6 r = .469
Neck rotation >45° 14.8 12.5 3.6 5.1 r=.402
Sitting at the front of seat 3.4 6.1 2.7 6.8 r = .768**
Sitting at the back of seat 95j 6.9 95.4 &6 r = .834**
Arms supported on desk 87.3 12.5 90.6 11.3 r = .808**
Arms unsupported on desk &9 10.8 6.4 9.5 r = .735**
** Correlation is significant at p<(101
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Figure 18. Flexed trunk posture while working at the desk
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3.4.12 Number of posture registrations (PEO)
PEO showed high agreement with video analysis for trunk flexion > 20°, trunk rotation 
> 45° and neck rotation > 45° and high agreement with neck flexion > 20° (figure 19). 
Trunk flexion > 45° showed low agreement with the video analysis (table 22)
Table 22 PEO and video analysis (number of times posture recorded)
Video analysis PEO
Observation (30 mins) Mean SD Mean SD Pearson’s
Trunk flexion > 20° 2&5 16.1 213 10.9 r = .831**
Trunk flexion > 45° 2.9 4.4 4.4 6.3 r = .445
Trunk rotation > 45° 4.6 5.1 3.1 2.1 r = .803**
Neck flexion > 20° 36.4 13.8 9.8 10.2 r = .644**
Neck rotation > 45° 33.7 23.1 7.6 8.3 r = .816**
**Correlation is significant at p<0.01
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Figure 19. Flexed neck and back posture while working at the desk
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3.4.13 Percentage of time spent in postures (questionnaire)
The questionnaire data showed low agreement with the video analysis (table 23). 
Table 23 Questionnaire and video analysis (% time spent in posture)
Video analysis Questionnaire
Observation (30 mins) Mean SD Mean SD Pearson’s
Trunk flexion > 20° 43.3 26.4 72.3 28.8 r = -.327
Trunk flexion > 45° 1.9 3 7 17 r = .009
Trunk rotation > 45° 5.5 10 4.9 &8 r = -.006
Neck flexion > 20° 22.6 &6 26 j 34.8 r = .061
Neck rotation >45° 14.8 12.5 13.4 19.5 r = -.145
3.4.14. Discussion
The recording of trunk flexion > 20° was considered to be sufficiently accurate to use in 
this study. Other flexion and rotation categories were not. This could be due to the 
observer trying to record too many events at the same time. Therefore it was decided to 
reduce the number of categories. Sitting at the back of the seat, arms supported on the 
desk, trunk flexion > 60° and neck flexion > 45° were omitted. Sitting at the back of the 
seat and arms supported on the desk became the neutral postures, with sitting at the 
front of the seat and arms unsupported becoming the recorded postures. Trunk flexion > 
60° was not used during the observation and the differences in neck posture were too 
difficult to judge in real time continuous recording. All of the activity categories except 
working at the desk were omitted, as it was very difficult to tell the difference between 
different activities. Working at the desk then became active only when the children 
were writing at the desk. Eleven of the videotapes were then re-coded using PEO with 
the reduced categories. The 11 videos were used as they gave the best view of the 
subjects and recorded a full 30 minutes of sitting posture.
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3.4.15 Re-analysis (Percentage of time spent in postures)
The observed time spent in postures in all categories showed improved agreement with 
the reference measures. PEO showed high agreement with video analysis for trunk 
flexion > 20° and trunk flexion > 45° and high agreement with trunk rotation > 45° and 
neck flexion > 20°. Neck rotation >45° showed low agreement with video analysis 
(table 24).
Table 24 PEO and video analysis (% time spent in posture)
Video analysis PEO
Observation (30 mins) Mean SD Mean SD Pearson’s
Trunk flexion > 20° 41 23.8 34.9 19.2 r = .934**
Trunk flexion > 45° ^ 1.8 2.4 1.7 2.4 r = 1.000**
Trunk rotation > 45° 7.8 11.5 2.9 4.2 r = .742**
Neck flexion > 20° 22.1 8.9 22.1 10 r = .780**
Neck rotation > 45° 19.4 12.5 13.3 9.9 r=.590
**Correlation is significant at p<(101
3.4.16 Number of posture registrations
The observed number of postures in all categories showed improved agreement with 
the reference measures. PEO showed high agreement with video analysis for trunk 
flexion > 20°, trunk flexion > 45°, trunk rotation > 45°, neck flexion > 20° and neck 
rotation > 45° (table 25).
Table 25 PEO and video analysis (number of times posture recorded)
Video analysis PEO
Observation (30 mins) Mean SD Mean SD Pearson’s
Trunk flexion > 20° 31.6 18.5 31.6 16.1 r=.955**
Trunk flexion > 45° 3.4 5 3.1 4.4 r = .985**
Trunk rotation > 45° 6.1 6.5 6.1 6.4 r=.901**
Neck flexion > 20° 38 13.9 48.1 22.6 r = .858**
Neck rotation > 45° 40.5 24.4 46.6 25.7 r = .894**
**Correlation is significant at p<0.01
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All of the categories showed an improvement at the second stage. Which was most 
probably due to the reduced number of categories and continued learning. The observer 
and the video camera observed the same events from the same angle. The closer 
agreement for the rotation registrations and video analysis than the time spent in the 
rotated postures may be due to the difficulty judging the position of the trunk, neck and 
head when the subject is turning. The registration key may be hit either slightly before 
or after the head has rotated back to a neutral position. The observer knew that the 
rotation had occurred but had difficulty judging exactly when the rotation began and 
ended. The calibration of the flexion categories improved the accuracy of the results for 
time spent in the posture and the number of registrations. As no calibration was used for 
thé rotation categories the exact cut off points for registrations were not as clear and 
were left to the observer’s judgment. Observation of females with long hair also made it 
difficult to see the neck.
The questionnaire was very quick and easy to use and children seemed to enjoy 
completing it. However the information it provided on posture was inaccurate. Video 
did provide accurate data on the posture of children in lessons compared to both the 
questionnaire and PEO. But this was dependent on the camera being set up in the 
sagittal plane with the full trunk and thighs of the children in view. The complexity of 
the video analysis makes the observation of a small group of children possible but it 
would be very time consuming in a larger group. Also the presence of a video camera 
in the classroom was disruptive. The children became louder and constantly looked at 
the camera throughout the lesson. PEO on the other hand provided accurate 
information without the disruption. The children were interested initially in the laptop 
computer but quickly lost interest and ignored the observer and computer. Therefore 
PEO provides an acceptable observation method in this environment, but does require 
training and calibration of the observer.
The calibration was important for categories where the observer had to judge angles of 
flexion. Calibration could be carried out using a goniometer as the cost of the lumbar 
motion monitor is substantial. If the system is used where angles are not to be judged, 
for example sitting and standing postures then calibration is not necessary. There is the
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need for training and practice to use the system. The time spent at this stage depends on 
the number of categories being recorded and the complexity of tasks. Training should 
continue until the observer feels confident at using the system.
Many of the lessons observed included subjects where the children were sitting for the 
whole lesson i.e. English and History. Children moved frequently during these lessons. 
However a computer based lesson (figure 20) and one that included a test (figure 21) 
had more static postures. This may have implications for increased computer use in 
schools. Children are not using school furniture the way it was originally intended. It 
is important to record how long and in what way children use chairs and desks in the 
classroom. The combination of long periods spent sitting with lumbar flexion of at least 
30° and forward leaning for more than 50% of the time may increase the risk of back 
and neck pain amongst children.
Differences in posture of individual children could be used with health data to examine 
exposure to poor posture in the classroom and possible detrimental health effects. 
Children are not able to give accurate estimates of time spent in sitting postures, at least
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Figure 20. Example of a computer classroom
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in the way described here. Therefore self-report should only be used to give periods of 
time sitting, i.e. how long does each lesson last? In contrast, PEO used in the classroom 
does give an acceptable measure of the intensity, duration and frequency of sitting 
posture. The method does not measure the shape of the spine but gives an accurate 
measure of gross trunk posture it is therefore a useful measure of different levels of 
exposure.
3.4.17 Conclusions
PEO provides a valid method to record the sitting posture of school children in the 
classroom without disrupting lessons. PEO can be used to record the intensity, duration 
and frequency of sitting posture in the classroom and will be used in the next stage of 
the study to identify different sitting behaviours. The pilot studies confirm that children 
cannot report their own posture. They are able to report accurately on school bag 
weight and method of carrying. Therefore the main study will involve both 
questionnaires and observation methods. The following chapter describes the procedure 
used in schools.
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Figure 21. Static posture during a test
lûû
3.5 Introduction Main study
This chapter describes the main study procedure involving questionnaires and 
observations during normal school lessons. As stated in chapter 2, the aims of the study 
are to:
1. Develop a reliable and valid observation method to measure exposure to physical 
risk factors.
2. Develop a suitable method to collect self-reported data on children’s pain, activities, 
physical, and psychological risk factors.
3. Identify the role of ergonomic and other factors in musculoskeletal pain in 
schoolchildren and evaluate their relationship vrith subsequent symptomology.
3.6 Ethics
A cross-sectional survey was conducted in Southeast England. Permission was granted 
for the study to proceed by the Ethics Committee of the University of Surrey. A letter 
was written and sent to the Director of Education for Surrey asking for permission to 
approach the Head Teachers of Surrey schools (appendix A). A letter was then written 
and sent to the Head Teachers of all Surrey state schools (appendix B). Twelve of the 
54 schools that were approached agreed to take part in the study. The schools were 
mixed socio-demograhically. The schools were all visited approximately 2-3 weeks 
before the study began and the background to the study and methods to be used were 
discussed vrith the Head Teacher. The Head Teacher then arranged dates and chose the 
classes suitable for the study. The Head Teacher then discussed the research with the 
form teacher for each of the classes that were going to take part in the study.
3.7 Parental Consent
Letters of consent were sent to the Head teacher who passed them on to the form 
teachers. All of the children involved in the study received a letter of consent addressed 
to their parents one or two weeks before the study (appendix C). Children who did not
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return the consent letter were asked if they or their parents had any objection to them 
taking part in the study. On the day of the study the researcher was introduced to all of 
the teachers at the morning staff meeting. The researcher then went with the form 
teacher to meet the class. The researcher was introduced to the class and told the class 
that he would be spending the day with them and observing lessons. It was also 
explained that the children would have to fill in a questionnaire at the start or end of the 
day. Two or three pupils were assigned to the researcher to direct to lessons.
3.8 Questionnaire
The children were given a short introductory talk on the study at the start of the day. 
The children were told the study was researching health, they were not told it was 
specifically looking at back pain. They were also told that the researcher would spend 
the day with them observing lessons. While completing the questionnaire the children 
were weighed and had their height measured and the details were recorded on the 
questionnaire. In order to increase participation the scales and measure were positioned 
away from the main classroom. This was usually in a hallway, corridor or another room 
and at the back of the classroom when another option was not possible. The children 
were told that they did not have to have these measures taken if they so wished but that 
no one would have access to the information except the investigator. The option to 
record this information onto the questionnaire without the investigator present was also 
offered.
The children’s schoolbags were also weighed while they completed the questionnaire. 
All of the bags the children were carrying on the day were weighed and the information 
recorded on the questionnaire. The questionnaire took between 20 to 45 minutes to 
complete (appendix D). After each lesson the Teacher was asking if the presence of the 
researcher had changed the behaviour of the children. All of the Teachers stated that the 
children had behaved as normal.
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3.9 PEO Observations
The children had already been informed that they would be observed in lessons during 
the day. Two of the schools scheduled the questionnaire for a particular lesson during 
the day and the observations the following week. Three of the schools scheduled the 
questionnaire for the first or second period with the observations after the 
questionnaire. The remainder of the schools scheduled the questionnaire during the last 
lesson after the observations. A number of children were appointed to show the 
investigator to each lesson and to assist in identifying children who had completed the 
questionnaire or would at a later stage. This was necessary as the class were split at 
times into different streams and different lessons. During the lesson the investigator 
was positioned at the back or side of the classroom. The investigator Was positioned 
slightly behind and to the side of each subject. Each subject was recorded for 30 
minutes starting approximately ten minutes into the lesson. One subject was observed 
during each lesson. Thirty minutes was chosen as recommended by Frannsson-Hall et 
al (1995). The first ten minutes at the beginning of the lesson was not observed in order 
to let the class settle down and get used to the position of the observer. This also 
allowed the teacher to introduce the lesson and collect homework. The last five 
minutes of the lesson was also not observed, as this was when children handed work in 
and packed up. Therefore 30 minutes was the optimum observation time for lessons 
lasting 45 minutes. The data collection in the twelve schools was performed over a 6- 
month period. The variables measured by each of the methods used are summarized in 
table 26.
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Table 26. Summary table of methods usee
Variable Questionnaire Observation
PEO
Direct Records
Back and neck pain ✓
Medical attention /
Family symptoms /
Age / y
Gender y y
Psychological y
Physical (height, weight) y
Exercise activity y
Sitting posture y
Time spent sitting y
Furniture y
Bag weight y
Method o f  carrying y
Duration o f  carrying y
Sociodemographic y
The following chapter describes the results of the study. All data were entered into an 
SPSS database. The statistical procedures involved descriptive analysis, univariate 
analysis and multivariate analysis.
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Chapter 4. Results
This chapter details the descriptive results of the questionnaire then the results of the 
analysis of the observations of the sub-sample of participants. The univariate analysis is 
then presented and finally the multivariate analysis.
4.1 Subjects
Six hundred and seventy nine children took part 700 children were given consent letters 
giving a total participation rate of 97% (male n = 343, female n = 336). The mean age 
was 12.8. The performance of each school is also included the figures are from the 
DfEE performance figures for the year 2000. Based on year 11, the performance figure 
is the percentage of pupils with 5 or more GCSE/GNVQ at A*-C level. Average 
performance in the UK was 49% while the average in Surrey was 58%. There were no 
performance figures available for one school (Blenheim). Twelve Surrey schools took 
part in the study table 27 lists the school names and the number of pupils from each 
school who took part.
Table 27. School performance details
School N % Performance
Fullbrook 49 7.2 69
Howard o f  E ff 26 3.8 71
Collingwood 52 7.7 61
Rydens 25 3.7 36
Blenheim 27 4.0 N/A
All Hallows 24 3.5 65
St Andrews 65 9.6 48
De Stafford 77 11.3 29
Gordons 100 14.7 90
Ashcombe 80 11.8 58
George Abbot 74 10.9 78
Oakwood 80 11.8 78
Total 679 100.0
4.2 Missing values
Twenty missing values for height (less than 5%) were replaced by the mean values. 
There were eighty missing values for weight, which were tested using missing variable
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analysis, this was found to be significant for “female” (those who refused to give their 
weight were all females apart from one male). These missing values were also replaced 
by the mean weight. Those who refused to give their weight usually appeared to be of 
average or above average weight therefore the mean was seen as a conservative 
estimate. The implications of the high number of missing measurements for weight are 
that weight may have been under or over estimated. It is therefore difficult to draw any 
conclusions from this data. To include those children who refused to give their weight a 
separate variable was included in the analysis distinguishing those who gave their 
weight and those who refused. The body mass index was then calculated for each 
subject using the replaced values.
4.3 Descriptive results
The figures for height, weight and body mass index for this age group were similar to 
the official government figures. Official UK Government statistics: Health Survey for 
England Department of Health figures mean height of 11-14 year old children 155.75 
cms. Mean weight of 11-14 year old children 49.38kgs and the mean body mass index 
of 11-14 year old children 20.15. Children in Surrey were slightly taller and slightly 
lighter than the government figures for the UK (table 28).
Table 28. Summary of age, height, weight and body mass index
N Mean Std. Deviation Range
Age 679 12.8302 .8962 1 0 .9 2 -1 4 .6 7
Height 659 157.9643 10.0576 1 1 0 .0 0 -1 9 7
Weight 599 47.6853 10.4713 2 5 - 8 5
SMEAN(HEI) 679 157.9643 9.9082 1 1 0 -1 9 7
SMEAN(WEI) 679 47.6853 9.8341 2 5 - 8 5
Body mass index 679 19.0344 3.3783 1 1 .1 1 -6 2 .8 1
4.3.1 Neck Pain, Upper back pain and Low back pain
Forty nine percent of children reported having neck pain in the last month and 22% 
reported having neck pain in the last week. Approximately 27% reported having neck 
pain lasting 1 day or more in the last month (table 29). Most of those with pain rated the 
pain as medium, 24% with 13% of children in a lot of pain and 9% in a little pain when
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at it’s worst (table 30). Seventeen percent had pain for minutes or hours and 23% had 
pain for 1 -  7 days and just over 3% had pain for 1 - 4  weeks or all month (table 31).
Table 29. Reported pain
NP 1 month NP 7 days UBP 1 month
N % N % N %
Yes 331 48.7 153 22.5 201 29.6
N o 348 51.3 526 77.5 478 70.4
Total 679 100 679 100 679 100
Table 29. Reported pain continued
UBP 7 days LBP 1 month LBP 7 days
N % N % . N %
Yes 115 16.9 247 36.4 135 19.9
N o 564 83.1 432 63.6 544 80.1
Total 679 100 679 100 679 100
Table 30. Pain rating
Neck pain Upper back pain Low back p a in .
N % N % N %
N o pain 366 53.9 486 71.6 445 65.5
A  little pain 60 8.8 67 9.9 100 14.7
Medium pain 161 23.7 86 12.7 79 11.6
A  lot o f  pain 92 13.5 40 5.9 55 8.1
Total 679 100 679 100 679 100
Table 31. Length o1’ time pain lasted
Neck pain Upper back pain Low back pain
N % N % N %
Never 382 56.3 500 73.6 460 67.7
Minutes 32 4.7 14 2.1 16 2.4
1 - 2 4  hours 84 12.4 46 6.8 54 8.0
1 - 7  days 158 23.3 82 12.1 95 14.0
1 - 4  weeks 15 2.2 29 4.3 34 5.0
1 month or more 8 1.2 8 1.2 20 2.9
Total 679 100 679 100 679 100
Almost 30% of the children had upper back pain in the last month and 17% had upper 
back pain in the last week. Approximately 18% reported upper back pain for 1 day or 
more in the last month. Almost 13% reported medium pain and 6% reported a lot of 
pain and 10% reported a little pain, when at it’s worst. Nine percent had the pain for 
minutes or hours and 12% had the pain for 1 -  7 days and 4.3% had the pain for 1 -  4 
weeks and 1% had the pain for more than 1 month.
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Just over 36% of the children had low back pain in the last month and 20% had low 
back pain in the last week. Approximately 22% reported low back pain for 1 day or 
more in the last month. Almost 12% reported medium pain and 8% reported a lot of 
pain and 15% reported a little pain, when at it’s worst. Just over 10% of the children 
had the pain for minutes or hours and 14% had the pain for 1 day or more, 8% had the 
pain for 1 week or more or all month.
4.3.2 History of Low back pain
Sixty percent had a family member who suffered from low back pain Mother 20%, 
Father 21% and Mother and Father 9%. Twenty three percent reported experiencing a 
previous injury to their low back (table 32). More than half of the children reported 
having low back pain at some time prior to the study usually between age ten and 
twelve (table 33).
Table 32. Low back pain history
LBP ever Family member LBP injury
N % N % N 5
Y es 372 54.8 408 60.1 157 23.1
N o 307 45.2 271 39.9 522 76.9
Total 679 100.0 679 100.0 679 100.0
Table 33. First episode of low back pain
Age N %
Never 332 48.9
0 - 8 32 4.7
8 . 5 -  10 88 13
1 0 .5 - 1 2 168 24.7
1 2 .5 - 1 4 44 6.5
Total 679 100.0
4.3.3 Medical attention
Almost 27% of children had sought treatment for musculoskeletal disorders in the last 
month 2% for neck pain, 0.7% for upper back pain and 2.4% for low back pain. Five 
percent of children had been absent from school in the previous week with 0.9% for 
neck pain, and 0.4% for low back pain. No children were absent due to upper back 
pain. Just over 10% of children had been absent from school in the last month 1% as
108
the result of neck pain, 0.9% for upper back pain and 1.6% for low back pain. Pain as 
the result of an accident for the three spinal areas was 0.7% for neck pain, 0.9% for 
upper back pain and 1.8% for low back pain (table 34).
Table 34. Consequences of low back pain
Treatment Absent last week Absent last month Accident
N % N % N % N %
yes 181 26.7 33 4.9 72 10.6 100 14.7
no 498 73.3 646 95.1 607 89.4 579 85.2
Total 679 100 679 100 679 100 679 100
4.3.4 Age and Neck pain
Twenty three percent of children between 11 and 12.75 years of age had experienced neck 
pain in the last month and approximately 26% of children between 12.76 and 15 years of 
age had experienced neck pain in the last month. Approximately 9% of children between 
11 and 12.75 years of age had experienced neck pain in the last week and approximately 
13% of children between 12.76 and 15 years of age had experienced neck pain in the last 
week t (n = 677) = 2.316 ; p < 0.05. Approximately 13% of children regardless of age had 
experienced neck pain that lasted for 1 day or more in the last month (table 35).
Table 35. Neck pain by age
NP 1 month NP 7 days NP 1 day +
Age N % N % N %
11-12.75 156 23 64 9.4 91 13.4
1 2 .7 6 -1 5 175 25.8 89 13.1 90 13.3
Total 331 48.7 153 22.5 181 26.7
4.3.5 Age and upper back pain
Approximately 15% of children regardless of age experienced upper back pain in the 
last month. Approximately 8% of children between the age of 11 and 12.75 years of age 
experienced upper back pain in the last week and approximately 9% of children 
between 12.76 and 15 years of age experienced upper back pain in the last week. 
Approximately 9% of children regardless of age experienced upper back pain for 1 day 
or more in the last week (table 36).
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Table 36. Upper back pain by age
UBP 1 month UBP 7 days UBP 1 day +
Age N % N % - N %
11-12.75 99 14.6 51 7.5 58 8.5
12.76 -15 102 15 64 9.4 61 9
Total 201 29.6 115 16.9 119 17.5
4.3.6 Age and low back pain
Approximately 15% of children between 11 and 12.75 years of age had experienced low 
back pain in the last month and approximately 22% of children between 12.76 and 15 years 
of age had experienced low back pain in the last in the last month t (677) = 4.051 ; p <0.01. 
Approximately of children between 11 and 12.75 years of age had experienced low back 
pain in the last week and approximately 12% of children between 12.76 and 15 years of age 
had experienced low back pain ,in the last week. Approximately 22% of children between 
11 and 12.75 years of age had experienced low back pain “ever” and approximately 32% of 
children between 12.76 and 15 had experienced low back pain “ever” t (n = 677) = 5.650 ; 
p < 0.01. Approximately 9% of children between 11 and 12.75 had experienced low back 
pain 1 day or more in the last month and approximately 13% of children between 12.76 and 
15 years of age had experienced low back pain 1 day or more in the last month t (677) = - 
2.358 ; < 0.05 (table 37).
Table 37. Low back pain by age
LBP 1 month LBP 7 days LBP ever LBP 1 day +
Age N % N % N % N %
11-12.75 101 14.9 57 8.4 152 22.4 63 9.3
1 2 .7 6 -1 5 146 21.5 78 11.5 220 32.4 86 12.7
Total 247 36.4 135 19.9 372 54.8 149 21.9
4.3.7 Gender and neck pain
Approximately 25% of females experienced neck pain in the last month and approximately 
24% of males reported neck pain in the last month. Approximately 11% of males and 
females experienced neck pain in the last week and approximately 13% of males and 
females reported experiencing neck pain for 1 day or more in the last month (table 38).
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Table 38. Neck pain by gender
NP 1 month NP 7 days NP 1 day +
Gender N % N % N %
Female 171 25.2 78 11.5 92 13.5
Male 160 23.6 75 11 89 13.1
Total 331 48.7 153 22.5 181 26.7
4.3.8 Gender and upper back pain
Approximately 17% of females experienced upper back pain in the last month and 13% of 
males experienced upper back pain in the last month = 5.18 ; df 1 ; p < 0.05. 
Approximately 9% of females experienced upper back pain in the last week and 
approximately 8% of males experienced upper back pain in the last week. Ten percent of 
females experienced upper back pain lasting 1 day or more in the last month and 
approximately 8% of males experienced upper back pain lasting 1 day or more in the last 
month (table 39).
able 39. Upper back pain by gender
UBP 1 month UBP 7 days UBP 1 day +
Gender N % N % N %
Female 113 16.6 63 9.3 68 10
Male 88 13 52 7.7 51 7.5
Total 201 29.6 115 16.9 119 17.5
4.3.9 Gender and low back pain
Nineteen percent of females experienced low back pain in the last month and 17% of males 
reported low back pain in the last month. Approximately 10% of males and females 
experienced low back pain in the last week. Approximately 29% of females experienced 
low back pain “ever” and approximately 26% of males experienced low back pain “ever”. 
Approximately 11% of females and males experienced low back pain lasting 1 day or more 
in the last month (table 40).
Table 40. Low back pain by gender
LBP 1 month LBP 7 days LBP ever LBP 1 day +
Gender N % N % N % N %
Female 131 19.3 69 10.2 196 28.9 78 11.5
Male 116 17.1 66 9.7 176 25.9 71 10.5
Total 247 36.4 135 19.9 372 54.8 149 21.9
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4.3.10 Psychological risk factors (strengths and difficulties questionnaire)
The scores were on the strengths and difficulties questionnaire were divided into 
normal, borderline and abnormal (table 41). On the Hyperactivity scale (the sum of 
scores for the questions on restlessness, fidgeting, being easily distracted, thinking 
things through and finishing work on time) approximately 13% had borderline scores 
and just over 20% had abnormal scores. On the Emotional symptoms scale (the sum of 
the scores for the questions on sickness, worrying, unhappiness, nervousness and fear) 
almost 11% had borderline scores and just over 30% had abnormal scores. On the 
Conduct problems scale (the sum of the scores on getting angry, doing as told, fighting, 
lying and taking things that don’t belong) almost 20% had borderline scores and 
approximately 33% had abnormal scores. On the Peer problems scale (the sum of the 
scores on feeling alone, having one good friend or more, being liked, being bullied and 
getting on with adults) approximately 14% had borderline scores and 16% had 
abnormal scores. On the Prosocial behaviour scale (the sum of the scores on being nice 
to others, sharing, helping others, being kind and volunteering to help) approximately 
11% had borderline scores and almost 12% had abnormal scores (table 42).
Table 41. Scoring the SDQ
Normal Borderline Abnormal
Emotional symptoms 0-3 4 5-10
Conduct problems 0-2 3 4-10
Hyperactivity 0-5 6 7-10
Peer Problems 0-2 3 4-10
Prosocial Behaviour 6-10 5 0-4
Total Difficulties 0-13 14-16 17-40
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Table 42. Scores on the SDQ
SDQ Hyper Emotion Conduct Peer Prosocial
Score N % N % N % N % N %
0 21 3.1 81 11.9 57 8.4 154 22.7 0 0
1 33 4.9 89 13.1 114 16.8 181 26.7 3 .4
2 64 9.4 106 15.6 148 21.8 141 20.8 13 1.9
3 105 15.5 117 17.2 134 19.7 93 13.7 16 2.4
4 104 15.3 73 10.8 98 14.4 60 8.8 48 7.1
5 113 16.6 88 13.0 61 9 22 3.2 74 10.9
6 87 12.8 51 7.5 39 5.7 13 1.9 108 15.9
7 73 10.8 36 5.3 14 2.1 6 .9 143 21.1
8 42 6.2 23 3.4 9 1.3 5 .7 128 18.9
9 27 4.0 12 1.8 3 .4 2 .3 106 15.6
10 10 1.5 3 .4 2 .3 2 .3 40 5.9
Total 679 100 679 100 679 100 679 100 679 100
4.3.11 Activity related risk factors
Over 80% of children played sport in school with children taking part on average 2.5 
hours per week. Fifty one percent also played some sort of competitive sport for school 
or a local team. Over 70% of children played sport after school for around 3 hours per 
week. The most popular sports were football (24%), basket/net ball (14%), swimming 
(11%), dancing (6.5%) and rugby (6%). Most of the schools had PE lessons of 
approximately two hours per week.
Lesson length varied from 45 minutes to 1 hour fifteen minutes with the most common 
lesson length being 1 hour. The mean time for computer lessons was around 50 
minutes, usually 1 lesson per week. Surprisingly over 20% of subjects had no computer 
lessons at the time of the study. The mean time spent watching television was 
approximately 2.5 hours per school night and the mean time spent playing computer 
games was approximately 50 minutes per school night. Approximately 20% of children 
had a part time job with a mean time worked per week of just under 1 hour the most 
popular job was a paper round with 10% of the subjects engaged in this type of work 
(table 43). Almost 3% of children had difficulties with schoolwork and most had 1 or 2 
people they could ask for help. Almost 8% of children had difficulties with homework 
and again usually had 1 or 2 people they could ask for help.
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Table 43. Activity
N % Mean (t) Std. Deviation Range
School sport 558 82.2 , 2.6194 2.7391 0.5 -  30.5
Outside sport 526 77.5 2.9606 3.7529 0.5 - 36
PE lessons 679 100 2.0019 1.0744 0.5 -  9.25
Computer lessons 534 78.6 .8218 .5482 0 .5 - 6
Television 659 97.1 2.4279 1.6414 0.25 -1 2
Computer games 460 67.7 .8511 1.1118 0.08 -1 0
Job 133 19.6 .9284 3.0076 0 .5 -3 2 .5 0
4.3.12 School furniture and sitting
Over 70% (514) of children reported sitting at 20 degree flexion and almost 20% (132) 
reported sitting with 45 degree flexion as their usual sitting position, Just over 50% 
reported sitting at the back of their seat. Almost half of the children reported never 
twisting their back and 30% reported twisting their back 10 minutes or less while 20% 
reported twisting their back for more than 10 minutes during lessons. Over 34% 
reported never twisting their neck and 35% reported twisting their neck for 10 minutes 
or less while 30% reported twisting their neck for more than 10 minutes during lessons. 
Almost 60% reported never bending their neck and just over 13% reported bending 
their neck for 10 minutes or less while 30% reported bending their neck for more than 
10 minutes during lessons (table 44). These results are based on the perception the 
children had of the way they were sitting and not the way they were actually sitting.
4.3.13 Chair feature checklist
Over 60% of children reported their chair height was correct, 3% reported their chair 
height was too high, 6% that it was too low and 20% didn’t know. Over 40% reported 
that the backrest of their chair was correct, 26% reported it was too far back, 
approximately 11% reported it was too far forward and just over 20% didn’t know. 
Forty seven percent reported the backrest position was correct, 4% reported it was too 
high, almost 24% reported it was too low and 25% didn’t know. Thirty percent reported 
the curve of the backrest was correct, just over 35% reported the backrest was too 
curved, just over 13% reported the backrest was too flat and just over 20% didn’t know. 
Seventy one percent reported the desk was the correct height for them, ,9% reported the
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desk was too high, 12% reported the desk was too low and approximately 8% didn’t 
know (table 45).
Table 44. Self-reported sitting posture
Twist back N % Twist neck N % Bend neck N %
10 mitis + 148 21.8 10 mins + 209 30.8 10 mins + 203 29.9
10 mins- 206 30.3 10 mins- 237 34.9 10 mins- 89 13.1
N o 325 47.9 No 233 34.3 N o 387 57.0
Total 679 100 Total 679 100 Total 679 100
Table 45. Chair feature checklist
Chair N % Backrest N % Backrest N %
Too high 23 3.4 Too far back 178 26.2 Too high 28 4.1
Correct 413 60.8 Correct 282 41.5 Correct 321 47.3
Too low 106 15.6 Too far forward 73 10.8 Too low 161 23.7
Don't know 137 20.2 Don't know 146 21.5 Don't know 169 24.9
Total 679 100 Total 679 100 Total 679 100
Table 45. C lair feature checklist continued
Backrest N % Desk N %
Too curved 241 35.5 Too high 61 9.0
Correct 205 30.2 Correct 483 71.1
Too flat 90 13.3 Too low 83 12.2
Don't know 143 21.1 Don't know 52 7.7
Total 679 100 Total 679 lU
4.3.14 Load carrying by schoolchildren
The mean bag weight on the day of the study was approximately 3 kg and the 
maximum approximately 9 kg. The bag weight expressed as a percentage of 
bodyweight was approximately 7% of bodyweight and the maximum approximately 
20% of bodyweight. The most common type of bag was a rucksack with over 80% of 
children using this type of bag. Almost 12% used a shoulder bag and 5% used a one 
shoulder (cross body) type bag. Two thirds of children distributed the weight well 
carrying the load on both shoulders, 20% carried the load on one shoulder and 12% 
carried the load across their body, only 1% of children carried the load in one hand 
(table 46). Most of the children carried 3 or 4 items in their bag and almost 20% carried 
5 or more items (in the last week). Seventy six percent of the children had access to 
school lockers but only around 40% used them (table 47).
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Table 46. Schoo bag details
N Mean Std. Deviation Range
Bag weight . 679 3.1088 1.6718 0 - 9 .3 5
Bag % bodyweight 679 6.8183 3.8912 0 - 2 0 .9 1
Table 46. Schoolbag details continued
Type N % Carry N %
Rucksack 561 82.6 In your hand 9 1.3
Sports bag 4 .6 On one shoulder 136 20.0
Shoulder bag 80 11.8 On both shoulders 452 66.6
Other 34 5.0 Across your body 82 12.1
Total 679 100 Total 679 100
Table 47. School lockers
Locker N % Locker use N  ■ %
Yes 519 76.4 Yes 297 43.7
N o 160 23.6 N o . 382 56.3
Total 679 100 Total 679 100
4.3.15 Travel
Most children travelled to school by car (41%) or bus (24%) and approximately 30% 
walked the whole way. A small number of children cycled and a small number boarded 
at school (table 48).
Table 48. Method of trave
N %
Walk 199 29.3
Car 2 7 7 . 40.8
Bus 162 23.9
Bicycle 15 2.2
Train/Tram 10 1.5
Other 1 .1
Boarder 15 2.2
Total 679 100.0
4.3.16 Common childhood complaints (headache, sore throat and stomach ache)
Twenty nine percent of the children had no headaches in the last month, 36% had 
headaches for 1-2 days in the last month and 35% of children had headaches for 3 days 
or more in the last month. Again approximately 29% had no sore throat in the last
1 1 6
month, 32% had a sore throat for 1-2 days in the last month and 39% had a sore throat 
for 3 days or more in the last month. Thirty five percent of the children had no stomach 
ache in the last month, 37% had a stomach ache for 1-2 days in the last month and 27% 
had stomach ache for 3 days or more in the last month (table 49).
Table 49. Common childhood complaints
Headaches Sore throat Stomach ache
N % N % N %
None 196 28.9 195 28.7 239 35.2
1-2 days 245 , 36.1 217 32.0 254 37.4
3-7 days 142 20.9 157 23.1 112 16.5
8-14 days 50 7.4 78 11.5 43 6.3
15-21 days 27 4.0 15 2.2 15 2.2
All month 19 2.8 17 2.5 16 2.4
Total 679 100 679 100 679 100
4.4 PEO results
This section describes the results from the PEO observations. The observations were of 
a sample of the class who completed the questionnaire. The children who were 
observed were chosen as an opportunist sample. The observer had to be positioned at 
the side or back of the lesson. The position of the observer was also depended on the 
position of a power source. There was the possibility that this sampling method 
introduced some bias. For example, children sitting near the back of the class may have 
adopted different sitting postures, leaning forward more to hear the teacher. The 
descriptive results are presented then the statistical analysis to examine associations 
between posture and pain.
4.4.1 Sample
Subjects 66 children 32 female and 34 male, mean age 12.72 (S.D. 0.88), mean height 
156cms (S.D. 11.6), mean weight 47kgs (S.D. 10.73) from 12 Surrey schools. 
Observations of body postures were made in real time directly in the classroom using 
PEO by means of a Viglen Dossier 486 laptop computer. The children were recorded 
for 30 minutes each. The children were observed during the following lessons.
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Mathematics (n=13). Science (n=10), Languages (n=8), English (n=7), History (n=6), 
Design Technology (n=4), Religious Education (n=4). Personal and Social Education 
(n=4), Information Technology (n=3), Art (n=3), Music (n=l), Drama, (n=l). Physics 
(n=l). Geography (n=l).
4.4.2 Self-reported pain
Forty four percent of children reported experiencing low back pain in the last month 
and 26% in the last week. Thirty five percent of the children had experienced upper 
back pain in the last month and 21% in the last week. More than half had experienced 
neck pain in the last month and 24% in the last week. (Table 50). There were very few 
children who sought medical attention or had taken time off school for their pain. Three 
percent had sought treatment for low back pain in the last month and 1.5% had sought 
treatment for upper back pain in the last month with 4.5% seeking treatment for neck 
pain in the last month. Three percent had taken time off school due to low back pain in 
the last month and 3% had taken time off school due to neck pain in the last month. 
(Table 51).
Table 50. Back and Neck pain (PE(D sample)
Self-reported pain (any pain) Number Percentage
Low back pain last month 29 44%
Low back pain last week 17 26%
Upper back pain last month 23 35%
Upper back pain last week 14 21%
Neck pain last month 34 52%
Neck pain last week 16 24%
Table 51. Treatment and absence (PEC sample)
Treatment and absence Number Percentage
Treatment low back pain last month 2 3%
Treatment upper back pain last month 1 1.5%
Treatment neck pain last month 3 4.5% .
Absence low back pain last month 2 3%
Absence neck pain last month 2 3%
1 1 8
4.4.3 Percentage of time spent in posture
PEO recordings showed that children were sitting with trunk flexion more than 20° for 
25% of the time and with neck flexion of more than 20° for 34% of the time (table 52). 
There was a large variation between individuals for both of these categories. Trunk 
flexion of more than 45° was less common with an average of 3% of time spent sitting 
this way and with many of the children never adopting this posture. The time spent with 
the neck and trunk in a rotated posture was also low with 11% for the neck and 3% for 
the trunk. The time spent with trunk unsupported was 13% and time spent sitting on the 
front edge of the seat 11%. The children spent 38% of the time working at the desk 
(with pen in hand) although there was a high level of variability for this activity (range 
96%).
Table 52. Percentage of time spent in posture ( 30 mins)
PEO category Mean (%) Std. Dev. Range
Trunk flexion > 20° 25 20 76
Trunk flexion > 45° 3 5 19
Trunk rotation > 45° 3 6 31
Trunk unsupported 13 16 70
Neck flexion > 20° 34 20 91
Neck rotation > 45° 11 10 49
Front edge o f  seat 11 19 81
Work at desk 38 26 96
4.4.4 Number of movements
The children were in trunk flexion of more than 20° category 21 times in the 30 
minutes observed and neck flexion of more than 20° 42 times (table 53). Again there 
was large variation between individuals for both these categories. Trunk flexion of 
more than 45° was less common with only 3 registrations for this category. The number 
of neck rotations was high 33 in the time observed, again with high variability (range 
85). However trunk rotations were rare with only 3 registrations recorded and most 
children never rotated their trunk. The number of times the children sat with trunk 
unsupported was 6 and 1 for sitting at the front edge of the seat. The number of 
registrations for working at the desk (pen in hand) was 14 during the observation.
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Table 53 . Number of movements ( 30 mins)
PEO category Mean (n) Std. Dev.
Trunk flexion > 20° 21 15
Trunk flexion > 45° 3 5
Trunk rotation > 45° 3 3
Trunk unsupported 6 5
Neck flexion >  20° 42 21
Neck rotation > 45° 33 19
Front edge o f  seat 1 2
Work at desk 14 10
4.4.5 Statistical analysis
An analysis was performed using the Mann-Whitney U test to test for associations 
between each potential risk factor and neck and back pain. This test was used due to the 
high variability of the postures observed and the small sample size. Body mass index 
was calculated for each subject mean BMI20 (S.D. 6) and was included in the analysis.
4.4.6 Neck pain and associated factors
High BMI was significantly associated with neck pain in the last month (table 54). Low 
trunk flexion >45°  (n) and low trunk flexion total (n) (see figure 22) were both 
significantly associated with neck pain in the last week.
Table 54 . Neck pain and associated factors
Neck pain Factor P-value
Last month BMI (high) 0.009**
Last week TF45 (n low) 0.048*
Last week TF total (n low) 0.047*
*P<0.05; **P<0.01 Mann-W hitneyU
4.4.7 Upper back pain and associated factors
Low trunk flexion > 20° (n and %) were both significantly associated with upper back 
pain in the last month (table 55), as was low trunk flexion total (n) (see figure 22). High 
BMI was also significantly associated with upper back pain in the last week. Low trunk 
flexion > 20° (n) and low trunk flexion total (n) were both significantly associated with
120
upper back pain in the last week (see figure 22). Low unsupported at the desk (%) was 
also significantly associated with upper back pain in the last week.
)le 55. Upper back pain and associated factors
Upper back pain Factor P-value
Last month TF20 (n low) 0.004**
Last month TF20 (% low) 0.046*
Last month TF total (n low) 0.006**
Last week BMI (high) 0.014*
Last week TF 20 (n low) 0.025*
Last week TF total (n low) 0.033*
Last week Unsupported (% low) 0.024*
*P<0.05; **p<0.01 Mann-WhitneyU
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0) 18
N eck pain in the last w eek Upper back pain in th e last month
V  20
Q) 14
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Upper back pain in the last w eek Low back pain in the last month
<D 20
Low back pain in the last w eek Low back pain ever
Figure 22. Bar charts of postural observations and pain
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4.4.8 Low back pain and associated factors
Long lesson length was significantly associated with low back pain reported in the last 
month, as was high BMI. High BMI was also significantly associated with low back 
pain in the last week (table 56). High trunk flexion > 20° (%) and high trunk flexion 
total (%), the total time spent with the trunk flexed > 20°, were both significantly 
associated with low back pain in the last week, as was high neck flexion >20° (%) 
(figure?). High, work at the desk (%), which usually occurred when the trunk was 
flexed, was also significantly associated with low back pain in the last week.
Table 56. Low back pain and associated factors
Low back pairi Factor P-value
Last month Lesson length (high) 0.039*
Last month BMI (high) 0.015*
Last week BMI (high) 0.027*
Last week T F 20(% high) 0 .012*
Last week TF total (% high) 0.014*
Last week N F(% high) 0.035*
Last week Work at desk (% high) 0.005**
*P<0.05; **P<0.01 Mann-WhitneyU  
4.4.9 PEO further analysis
Logistic regression (controlling for age and gender) was performed in order to compare 
these results with the findings of the multivariate analysis presented in the next chapter. 
The results were similar to the non-parametric analysis. There was approximately a 
threefold increase in risk for low back pain in the last week for children who had high 
levels of trunk flexion than those children with low levels of trunk flexion. There was 
approximately a fivefold increase in the risk for low back pain in the last month for 
children who had longer lesson times than those with shorter lesson times. There was 
approximately a six-fold increase in the risk for upper back pain in the last month for 
children who had a low number of trunk flexion registrations (static posture) than those 
with a high number of trunk flexion registrations. Furthermore children with a low number 
of trunk flexion registrations (static posture) had a fourfold increase of neck pain in the last 
week than those with a high number of trunk flexion registrations (table 57).
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Table 57. Spinal pain and associated factors
Pain category Factor P-value Odds
Ratio
Cl (95%)
N eck pain in the last week Trunk flexion n 
(low)
0.029* 4.20 1.16-15.20
Upper back pain in the last 
month
Trunk flexion n 
(low)
0.003** 6.10 1.88-19.83
Low back pain in the last 
week
Trunk flexion % 
(high)
0.047* 3.41 1.02-11.42
Low back pain in the last 
month
Lesson length 
(high)
0.018* 5.56 1.33-23.15
The following section is concerned with the analysis of the questionnaire detailing a 
univariate analysis and a multivariate analysis.
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4.5 Questionnaire univariate analysis
All data were collapsed into categorical or dichotomous categories (for example height 
was divided into tertiles and lesson length was divided into less than 1 hour and more 
than 1 hour) for the univariate analysis. The data were also collapsed into dichotomous 
categories and tested for homogeneity. Two outlying values in Body Mass Index were 
reduced to 32 one from 62 and the other from 35. Outlying values can distort statistics 
as they can have much more impact on the value of the regression coefficient. The 
variables used in the analysis are listed in the following tables. Logistic regression was 
performed for each of the variables using odds ratios and 95% confidence intervals also 
controlling for age and gender. For categorical variables the reference level was the 
lowest level of exposure with the remaining levels being compared to the reference 
level. Due to the large number of variables (48) used in the analysis it is possible that 
some significant associations could be found due to chance (approximately 2-3 at the 
0.05 significance level) (see table 58).
4.5.1 Neck pain in the last month
Self report of sitting at the desk at more than 45-degree fiexion compared to sitting upright 
and self-report of twisting the back for more than 10 minutes during the lesson compared to 
not twisting the back were both associated with an approximate doubling of the risk. 
Bending the neck for more than 10 minutes during the lesson was associated with an 
increased risk of 40%. Having a chair that was too low was associated with an increased 
risk of 70% and a backrest that was too far forward was associated with an increased risk of 
80% while having a back rest that was too far back was associated with an increased risk of 
approximately 50%. Reporting that the backrest curve was too fiat compared to backrest 
curve OK was associated with more than doubling of the risk and reporting that the 
backrest curve was too curved was associated with an increased risk of 50%. Having a desk 
that was too low was associated with an increased risk of 70% and a desk that was too high 
was associated with an increased risk of 90%.
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An abnormal score on the Hyper questions (7-10) was associated with more than 
doubling of the risk as was a borderline score on the Emotion questions (4). An 
abnormal score on the Emotion questions (5-10) was associated with an increased risk 
of 70% and an abnormal score on the Conduct questions (4-10) was associated with an 
increased risk of 50%.
Having a headache for 1-2 days, having a sore throat for 1-2 days and having a sore 
throat for 3-31 days in the last month were all associated with a doubling of the risk. 
Having a headache for 3-31 days in the last month was associated with a threefold 
increase in the risk. Having a stomach ache for 1-2 days in the last month was 
associated with an increased risk of 50% and a stomach ache for 3-31 days in the last 
month more than doubled the risk. Having a part time job was associated with an 
increased risk of 50% and watching television for more than 2 hour on school days an 
increased risk of 40%. Having family members with low back pain was also associated 
with an increased risk of 60%.
4.5.2 Neck pain in the last 7 days
Reporting having difficulties with homework was associated with an increase of risk of 
more than double. Self-report of twisting the back for more than 10 minutes during the 
lesson was associated with an increased risk of 90%, and bending the neck for more 
than 10 minutes during the lesson an increase of 60%. Reporting not knowing if their 
chair was the correct height was associated with an increased risk of approximately 
80% and reporting that their chair was too low was associated with a doubling of the 
risk. A backrest that was too far forward was associated with an increased risk of 80% 
and a backrest that was too far back an increased risk of almost 70%. Having a desk 
that was too low was associated with over double the risk.
An abnormal score on the Hyper questions, a borderline score and an abnormal score 
on the Emotion questions were all associated with approximately doubling the risk. An 
abnormal score on the Conduct questions was associated with almost a threefold 
increase in the risk.
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Having a headache for 3-31 days in the last month was associated with more than 
doubling of the risk. Having a stomachache for 3-31 days in the last month also 
doubled the risk and having a part time job was associated with an increased risk of 
60% (table 58).
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Table 58. Neck pain in the last month and week
t  Gender t  Age Neck pain last month Neck pain last week
Variable P - value Odds Ratio Cl (95%) P - value Odds Ratio Cl (95%)
Height cms
1 1 0 - 1 5 4 Reference: Reference:
1 5 5 - 1 6 2 0.85 0.96 0.66 - 1 .4 2 0.48 1.19 0 .7 4 -1 .9 3
1 6 3 - 1 9 7 0.57 0.88 0 .5 8 -1 .3 6 0.21 1.4 0 .8 3 -2 .3 5
Weight kgs
2 5 - 4 4 Reference: Reference:
4 5 - 5 0 0.66 1.1 0.74 - 1.61 0.63 1.13 0 .7 -1 .8 2
5 1 - 8 5 0.46 0.86 0 .5 7 -1 .2 9 0.38 1.25 0 .7 6 -2 .0 4
Body Mass Index
1 1 .1 1 -1 7 .7 1 Reference: Reference: -
1 7 .7 2 -1 9 .5 7 0.64 1.1 0 .7 5 -1 .5 9 0.73 1.08 0 .6 9 -1 .7 1
1 9 .5 8 -3 2 0.78 0.95 0 .6 5 -1 .3 8 0.46 1.19 0 .7 5 -1 .8 6
School performance
High 70+ Reference: Reference:
Medium 4 8 - 6 9 0.52 1.12 0 .7 9 - 1 .6 0.47 0.86 0.56 -1 .31
Low 47- 0.98 1.0 0 .6 7 -1 .4 7 0.76 1.07 0 .6 8 -1 .7
Bag weight kgs
0 — 1.8 Reference: Reference:
1 .9 - 2 .5 0.09 0.66 0.41 - 1 .0 7 0.73 1.11 0 .6 3 -1 .9 5
2 .5 6 - 3 .3 0.19 0.73 0 .4 5 -1 .1 8 0.95 0.98 0 .5 5 -1 .7 5
3 .4 - 4 .4 5 0.31 1.29 0 .7 9 -2 .1 1 0.31 1.34 0 .7 6 -2 .3 6
4 .4 6 -9 .3 5 0.09 0.65 0 .4 - 1 .0 6 0.38 0.76 0 .4 2 -1 .3 9
Bag % Bodyweight
0 - 3 .6 7 Reference: Reference:
3 .6 8 -5 .4 2 0.1 0.67 0 .4 1 -1 .0 8 0.35 0.77 0 .4 4 -1 .3 3
5 .4 3 -7 .2 2 0.28 0.76 0 .4 7 -1 .2 4 0.59 0.86 0 .4 9 -1 .5 1
7 .2 3 - 1 0 0.71 0.91 0 .5 6 -1 .4 8 0.46 0.81 0 .4 6 -1 .4 2
10.1 - 2 1 0.14 0.69 0 .4 2 -1 .1 3 0.13 0.63 0 .3 5 -1 .1 4
School sport hrs
0 - 1 .4 2 Reference: Reference:
1 .4 3 -2 .7 5 0.31 1.21 0 .8 4 -1 .7 5 0.44 1.19 0 .7 6 -1 .8 5
2 .7 6 -3 0 .5 0.64 1.09 0 .7 5 -1 .5 9 0.93 1.02 0 .6 5 -1 .6 1
Outside sport hrs
0-1 Reference: Reference:
1 . 1 - 3 0.18 1.29 0.89 -1 .8 7 0.7 1.09 0 .7 -1 .7 1
3 .1 - 3 6 0.2 1.29 0.8 8 -1 .8 8 0.35 1.24 0.79 - 1 .9 5
Lesson length
Less 1 hr Reference: Reference:
1 hour 0.25 1.28 0.84 - 1 .9 4 0.33 1.3 0 .7 7 -2 .2 1
More 1 hr 0.57 1.16 0 .7 - 1 .9 2 0.34 1.36 0 .7 2 -2 .5 4
Schoolwork difficulty
N o Reference: Reference:
Sometimes 0.32 1.23 0.82 - 1 .8 6 0.16 1.47 0 .8 6 -2 .5 1
Yes 0.62 1.28 0 .4 9 -3 .3 2 0.19 2.08 0 .7 -6 .1 3
Homework difficulty
No Reference: Reference:
Sometimes 0.17 1.34 0 .8 9 -2 .0 2 0.18 1.45 0 .8 5 -2 .4 8
Yes 0.2 1.54 0 .7 9 -2 .1 0.02* 2.52 1 .1 7 -5 .4 2
Sit desk posture
Upright Reference: Reference:
20 degree flexion 0.48 1.3 0 .6 3 -2 .6 7 0.99 0.99 0 .4 2 -2 .3 6
45 degree flexion 0 .0 4 * tî 2.34 1 .0 6 -5 .0 9 0.59 1.29 0 .5 1 -3 .2 5
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Table 58. Neck pain in the last month and week
t  Gender t  Age Neck pain last month Neck pain last week
Variable P - value Odds Ratio Cl (95%) P - value Odds Ratio Cl (95%)
Twist back
No Reference: Reference:
0-10  minutes 0.51 1.13 0 .7 9 -1 .6 0.87 1.04 0 .6 7 -1 .6 1
10 minutes + 0.0 0 1 * * # 1.91 1.28 -2 .8 4 0.004** 1.91 1 .2 3 -2 .9 8
Twist neck
No, Reference: Reference:
0-10  minutes 0.19 1.28 0 .8 9 -1 .8 4 0.82 1.05 0 .6 7 -1 .6 5
10 minutes + 0.11 1.36 0 .9 3 -1 .9 8 0.17 1.37 0 .8 8 -2 .1 4
Bend neck
N o Reference: Reference:
0-10  minutes 0.16 1.4 0 .8 9 -2 .2 3 0.31 1.33 0 .7 7 -2 .3 1
10 minutes + o.ostî 1.37 0 .9 7 -1 .9 3 0.0 2 * # 1.62 1 .0 9 -2 .4 3
Chair height 
Correct Reference: Reference:
D on’t know 0.39 1.19 0 .8 0 -1 .7 5 0.01* 1.77 1 .1 3 -2 .7 9
Too low 0.02* 1.72 1.1 1 -2 .6 6 0.002** 2.14 1 .3 2 -3 .4 6
Too high 0 .3 3 # 1.52 0 .6 5 -3 .5 7 0 .3 6 # 1.57 0 .6 -4 .1 5
Backrest
Correct Reference: Reference:
D on’t know 0.65 1.1 0 .7 3 -1 .6 5 0.83 1.06 0 .6 4 -1 .7 6
Too far forward 0.03* 1.79 1 .0 6 -3 .0 2 0.04* 1.84 1 .0 3 -3 .3
Too far back 0 .0 0 4 * * tî 1.75 1 .2 -2 .5 7 0.02* 1.67 1 .0 7 -2 .6 2
Backrest position 
Correct Reference: Reference:
Don’t know 0.44 0.86 0 .5 9 -1 .2 6 0.59 0.88 0 .5 5 -1 .4 1
Too low 0.05* 1.47 1.0 - 2 .1 7 0.06 1.53 0 .9 8 -1 .3 7
Too high 0.16 1.76 0 .8 - 3 .8 7 0.98 1.01 0 .3 9 -2 .6 1
Backrest curve
Correct Reference: Reference:
D on’t know 0.67 1.1 0 .7 1 -1 .6 9 0.25 0.72 0 .4 2 -1 .2 6
Too flat 0.003** 2.2 1 .3 2 -3 .6 6 0.08 1.65 0 .9 5 -2 .8 9
Too curved 0 .0 4 * tî 1.49 1 .0 2 -2 .1 7 0.69 1.1 0 .7 - 1 .7 2
Desk height 
Correct Reference: Reference:
D on’t know 0.09 1.66 0 .9 3 -2 .9 7 0.82 0.92 0 .4 4 -1 .9 1
Too low 0.03* 1.71 1 .0 6 -2 .7 6 0.004** 2.11 1 .2 7 -3 .5
Too high 0.0 2 * tî 1.9 1 .1 -3 .2 8 0 .4 4 t î 1.28 0.69 - 2 .4
Bag type 
Rucksack Reference: Reference:
Sports bag 0.78 1.32 0 .1 8 -9 .5 3 0.74 1.46 0 .1 5 - 1 4 .4
Shoulder bag 0.23 1.35 0 .8 3 -2 .1 7 0.2 1.43 0.83 - 2.45
Cross bag 0.19 1.6 0 .7 9 -3 .2 3 0.29 1.51 0 .7 - 3 .2 6
Bag cany  
Both shoulders Reference: Reference:
Across body 0.09 1.52 0 .9 4 -2 .4 5 0.16 1.47 0 .8 6 -2 .5 3
1 hand or shoulder 0.73 1.07 0 .7 3 -1 .5 6 0.94 0.98 0 .6 2 -1 .5 6
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Table 58. Neck pain in the last month and week
t  Gender J Age Neck pain last month Neck pain last week
Variable P - value Odds Ratio Cl (95%) P -  value Odds Ratio Cl (95%)
Hyper
Normal Reference; Reference:
Borderline 0.32 1.21 0 .8 3 -1 .7 8 0.77 1.08 0 .6 6 -1 .7 4
Abnormal 0 .004**tî 1.74 1 .2 -2 .5 2 0.0 1 * # 1.79 1 .1 4 -2 .7 9
Emotion
Normal Reference: Reference:
Borderline 0.000** 2.34 1 .6 -3 .4 1 0.001** 2.1 1 .3 3 -3 .3
Abnormal 0 .004**tî 1.72 1 .1 9 -2 .5 0.0 1 * # 1.81 1 .1 5 -2 .8 7
Conduct
Normal Reference: Reference:
Borderline 0.26 1.24 0 .8 5 -1 .8 3 0.09 1.58 0 .9 4 -2 .6 6
Abnormal 0.05* 1.5 1 - 2 .2 4 o.ooo**tî 2.8 1 .6 6 -4 .7
Peer
Normal Reference: Reference:
Borderline 0.93 1.02 0 .6 9 -1 .5 1 0.41 0.82 0 .5 -1 .3 3
Abnormal 0.73 1.07 0 .7 5 -1 .5 1 0.63 0.9 0 .5 9 -1 .3 7
Pro-social
Normal Reference: Reference:
Borderline 0.45 1.14 0.81 - 1 .6 2 0.54 1.14 0 .7 5 -1 .7 3
Abnormal 0.15 1.37 0 .9 - 2 .0 8 0.85 1.05 0 .6 3 -1 .7 5
SDQ total
Normal Reference: Reference:
Borderline 0.005** 1.79 1 .1 9 -2 .6 7 0.02* 1.77 1. 1 - 2 .8 6
Abnormal 0.008** 1.65 1 .1 4 -2 .4 0.000** 2.44 1 .6 -3 .7 3
Headache
0 days Reference: Reference: ,
1-2  days 0.001** 2.01 1 .3 6 -2 .9 8 0.36 1.26 0 .7 6 -2 .1
3 - 3 1  days o.ooo**tî 3.3 2 .2 1 -4 .9 4 0.0 0 0 * * # 2.5 1 .5 4 -4 .0 4
Sore throat
0 days Reference: Reference:
1-2  days 0.000** 2.18 1 .4 5 -3 .2 6 0.39 1.24 0 .7 6 -2 .0 2
3 - 3 1  days 0.0 0 0 * * # 2.21 1 .5 -3 .2 5 0.15 1.41 0 .8 8 -2 .2 3
Stomachache
0 days Reference: Reference:
1-2  days 0.02* 1.52 1 .0 5 -2 .1 8 0.55 1.15 0 .7 3 -1 .8 1
3 -  31 days o.ooo**tî 2.44 1 .6 3 -3 .6 7 0.003** 2.04 1 .2 7 -3 .2 7
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Table 58. Neck pain in the last month and week
t  Gender $ Age Neck pain last month Neck pain last week
Variable P - value Odds Ratio Cl (95%) P -  value Odds Ratio Cl (95%)
Edge o f  seat 0.99 1 0 .7 4 -1 .3 5 0.62 1.1 0 .7 6 -1 .5 8
Refuse weight 0.86 0.96 0 .5 9 -1 .5 5 0.55 1.19 0 .6 8 -2 .0 8
Job 0.04*t 1.53 1 .0 2 -2 .2 8 0.02*t$ 1.66 1 .0 7 -2 .5 9
Double lesson 0.65 0.92 0 .6 6 -1 .3 0.47 1.16 0 .7 8 -1 .7 4
Sport type (football) 0.9 0.98 0 .6 5 -1 .4 5 0.36 1.25 0 .7 8 -2 .0 1
Travel (walk) 0.97 1.01 0 .7 2 - 1 .4 0.93 1.02 0 .6 9 -1 .5 1
Computer games 0.15 1.29 0.91 -  1.83 0.27 1.27 0 .8 3 -1 .9 3
TV 2 hrs + 0.02*# 1.43 1.05 - 1 .9 4 0.14 1.32 0 .9 2 - 1 .9
Competitive sport 0.76 0.95 0 .7 0 -1 .3 0.71 0.93 0 .6 5 -1 .3 5
Lockers 0.68 1.08 0 .7 5 -1 .5 4 0.31 0.81 0 .5 3 -1 .2 2
Locker use 0.5 1.11 0 .8 2 -1 .5 1 0.5 1.13 0.79 - 1 .6 3
Absent last week 0.04* 2.15 1 .0 2 -4 .5 1 0.15 1.73 0 .8 1 -3 .6 6
Absent last month o.ooo**tî 3.25 1 .8 8 -5 .6 3 0.0 0 1 * * # 2.41 1 .4 4 -4 .0 3
Accident 0.26 1.28 0 .8 3 -1 .9 6 0.47 0.82 0 .4 8 - 1 .4
Family with LBP 0.0 0 2 * * # 1.64 1 .2 -2 .2 4 0.28 1.23 0 .8 5 -1 .7 9
Low back injury 0.24 1.24 0.87 - 1 .7 7 0.59 1.12 0 .7 4 -1 .7 1
Treatment for MSD ’ s 0.000**1-$ 1.97 1 .3 9 -2 .7 9 0 .0 3 * # 1.53 1 .0 4 - 2.27
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4.5.3 Neck pain 1 day or more in the last month
Reporting that the chair was too low was associated with more than double the risk. A 
backrest that was too far forward was associated with an increased risk of 
approximately 90% and a backrest that was too far back an increased risk of 
approximately 80%. Backrest position too low was associated with an increased risk of 
approximately 70%. Backrest curve too flat was associated with an increase of double 
the risk and backrest curve too curved was associated with an increased risk of 
approximately 80%.
A borderline score on the hyper questions was associated with an increased risk of 
approximately 90% and an abnormal score on the hyper questions was associated with 
an increased risk of approximately 70%. A borderline score and an abnormal score on 
the Emotion questions were associated with approximately double the risk.
Having a headache for 1-2 days in the last month was associated with more than double 
the risk and having a headache for 3-31 days in the last month was associated with a 
fourfold increase in the risk. Having a sore throat for 1-2 days in the last month was 
associated with an increased risk of approximately 80% and having a sore throat for 3- 
31 days in the last month was associated with more than double the risk. Having a 
stomachache for 1-2 days in the last month was associated with approximately double 
the risk and having a stomachache for 3-31 days in the last month was associated with a 
threefold increase in the risk. Being absent from school in the last month was associated 
with more than double the risk. Having a family member with low back pain was 
associated with an increased risk of approximately 70% and having had previous 
treatment for a musculoskeletal disorder was associated with more than double the risk 
(table 59).
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Table 59. Neck pain 1 day or more in the last month
t  Gender $ Age Neck pain 1 day or more in the last month
Variable P - value Odds Ratio Cl (95%)
Height cm 
1 1 0 - 1 5 4 Reference:
1 5 5 - 1 6 2 0.82 1.05 0 .6 8 -1 .6 3
1 6 3 - 1 9 7 0.94 1.02 0 .6 3 -1 .6 5
Weight kg 
2 5 - 4 4 Reference:
4 5 - 5 0 0.63 1.11 0 .7 2 -1 .7 1
5 1 - 8 5 0.31 0.78 0 .4 9 - 1.25
Body Mass Index 
1 1 .1 1 -1 7 .7 1 Reference:
1 7 .7 2 -1 9 .5 7 0.72 0.93 0.61 - 1 .4
1 9 .5 8 -3 2 0.36 0.82 0 .5 4 -1 .2 6
School performance 
High 70+ Reference:
Medium 48 -  69 0.82 0.96 0 .6 5 -1 .4 1
Low 47- 0.15 0.72 0 .4 5 -1 .1 3
Bag weight kg 
0 - 1 .8 Reference:
1 .9 - 2 .5  . 0.36 0.78 0 .4 6 -1 .3 3
2 .5 6 - 3 .3 0.13 0.65 0 .3 8 -1 .1 3
3 .4 - 4 .4 5 0.85 0.95 0 .5 6 -1 .6 2
4.46 -  9.35 0.45 0.81 0 .4 8 -1 .3 9
Bag % Bodyweight 
0 - 3 .6 7 Reference:
3 .6 8 -5 .4 2 0.63 0.88 0 .5 1 -1 .4 9
5 .4 3 -7 .2 2 0.64 0.88 0 .5 1 -1 .5 1
7.23 - 1 0 0.46 0.82 0 .4 7 -1 .4 1
10.1 - 2 1 0.57 0.85 0.49 -  1.47
School sport hrs 
0 - 1 .4 2 Reference:
1 .4 3 -2 .7 5 0.6 1.12 0 .7 4 -1 .7 1
2 .7 6 -3 0 .5 0.38 1.21 0 .7 9 -1 .8 5
Outside sport hrs
0-1 Reference:
1.2 -  3 0.9 1.03 0 .6 7 -1 .5 7
3 .1 - 3 6 0.24 1.29 0 .8 4 -1 .9 7
Lesson length 
Less 1 hr Reference:
1 hour 0.28 1.31 0 .8 -2 .1 3
More 1 hr 0.58 1.18 0.6 6 -2 .1 2
Schoolwork difficulty 
N o Reference:
Sometimes 0.06 1.64 0 .9 8 -2 .7 4
Yes 0.11 2.31 0 .8 2 -6 .5 1
Homework difficulty 
N o Reference:
Sometimes 0.07 1.6 0 .9 7 -2 .6 5
Yes 0.1 1.88 0 .8 9 -4 .0
Sit desk posture 
Upright
20 degree flexion
Reference:
0.77 1.13 0 .5 -2 .5 6
45 degree flexion 0.73 1.17 0 .4 8 -2 .8 2
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Table 59. Neck pain 1 day or more in the last month
t  Gender $ Age Neck pain 1 day or more in the last month
Variable P - value Odds Ratio Cl (95%)
Twist back
N o Reference:
0-10  minutes 0.87 0.97 0 .6 5 -1 .4 5
10 minutes + 0.12 1.41 0 .9 2 -2 .1 6
Twist neck
N o Reference:
0-10  minutes 0.49 1.16 0 .7 6 -1 .7 7
10 minutes + 0.13 1.39 0 .9 1 -2 .1 2
Bend neck
No Reference:
0-10  minutes 0.06 1.62 0 .9 8 -2 .6 8
10 minutes + 0.24 1.26 0.8 6 - 1 .8 6
Chair heiglit 
Correct Reference:
D on’t know 0.08 1.47 0 .9 5 -2 .2 8
Too low 0.000** 2.37 1 .5 -3 .7 4
Too high 0.061-$ 2.29 0.96 -  5.46
Backrest
Correct Reference:
D on’t know 0.37 1.25 0 .7 8 - 1 .2
Too far forward 0.02* 1.92 1 .1 -3 .3 7
Too far back 0.005**$$ 1.83 1. 2 - 2 .8
Backrest position 
Correct Reference:
Don’t know 0.57 0.88 0 .5 6 -1 .3 8
Too low 0.01* 1.72 1 .1 3 -2 .6 1
Too high 0.18 1.75 0 .7 8 -3 .9 6
Backrest curve
Correct Reference:
Don’t know 0.61 1.14 0 .6 8 -1 .9 3
Too flat 0.006** 2.19 1 .2 6 -3 .8
Too curved 0.006**$$ 1.85 1 .1 9 -2 .8 6
Desk height 
Correct Reference:
Don’t know 0.76 1.11 0.57 - 2 .1 2
Too low 0.34 1.29 Ô .7 7 -2 .1 6
Too high 0.07 1.7 0 .9 7 -2 .9 9
Bag type 
Rucksack Reference:
Sports bag 0.98 1.03 0 .1 1 -1 0 .0 3
Shoulder bag 0.3 1.32 0 .7 9 -2 .2 1
Cross bag 0.21 1.6 0 .7 7 -3 .3 1
Bag carry 
Both shoulders Reference:
Across body 0.06 1.65 0 .9 9 -2 .7 5
1 hand or shoulder 0.3 1.25 0 .8 2 - 1 .9
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Table 59. Neck pain 1 day or more in the last month
t  Gender $ Age Neck pain 1 day or more in the last month
Variable P - value Odds Ratio Cl (95%)
Hyper
Normal Reference:
Borderline 0.003** 1.94 1 .2 5 -3 .0 2
Abnormal 0.02* 1.69 1 .0 9 -2 .6 3
Emotion
Normal Reference:
Borderline 0.000** 2.2 1 .4 3 -3 .3 8
Abnormal 0.0 0 1 * * # 2.04 1 .3 3 -3 .1 4
Conduct
Normal Reference:
Borderline 0.39 1.21 0 .7 8 -1 .8 9
Abnormal 0.22 1.33 0 .8 4 -2 .1 1
Peer
Normal Reference: .
Borderline 0.21 1.32 0.84 - 2 .0 4
Abnormal 0.68 1.09 0.73 - 1 .6 2
Pro-social
Normal Reference:
Borderline 0.41 1.18 0 .8 -1 .7 5
Abnormal 0.58 1.14 0.71 -  1.84
SDQ total 
Normal Reference:
Borderline 0.005** 1.87 1 .2 1 -2 .8 9
Abnormal 0.02*$$ 1.65 1 .0 9 -2 .4 9
Headache
0 days Reference:
1-2  days 0.000** 2.59 1 .5 6 -4 .3 1
3 - 3 1  days 0.000**$$ 4.14 2 .5 1 -6 .8 2
Sore thioat
0 days Reference:
1-2  days 0.012* 1.85 1 .1 4 -2 .9 8
3 - 3 1  days 0.001**$$ 2.23 1 .4 2 -3 .5 3
Stomachache
0 days Reference:
1-2  days 0.003** 1.95 1 .2 6 -3 .0 3
3 - 3 1  days 0.000**$$ 3.11 1 .9 5 -4 .9 7
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Table 59. Neck pain 1 day or more in the last month
t  Gender t  Age Neck pain 1 day or more in the last month
Variable P - value Odds Ratio Cl (95%)
Edge o f  seat 0.68 1.07 0 .7 6 -1 .5 1
Refuse weight 0.32 0.75 0 .4 2 -1 .3 2
Job 0.46 1.18 0 .7 6 -1 .8 3
Double lesson 0.36 0.83 0 .5 6 -1 .2 3
Sport type (football) 0.67 0.91 0.58 - 1 .4 3
Travel (walk) 0.67 0.92 0 .6 3 -1 .3 5
Computer games 0.29 1.24 0 .8 4 -1 .8 4
TV 2 hrs + 0.55 1.11 0 .7 9 -1 .5 7
Competitive sport 0.9 0.98 0 .6 9 -1 .3 8
Lockers 0.08 1.46 0 .9 5 -2 .2 3
Locker use 0.53 1.12 0 .7 9 -1 .5 7
Absent last week 0.1 1.84 0 .9 - 3 .7 9
Absent last month o.ooo**tî 2.79 1 .6 9 -4 .5 9
Accident 0.41 1.22 0 .7 6 -1 .9 4
Family with LBP 0.004**tî 1.69 1 .1 8 -2 .4 3
Low back injury 0.29 1.24 0 .8 4 - L 8 4
Treatment for M SB ’s 0.0 0 0 * * # 2.44 1 .6 9 -3 .5 2
136
4.5.4 Upper back pain in the last month
Sometimes having difficulties with homework was associated with approximately a 
threefold increase in risk and having difficulties was associated with more than a 
fourfold increase in risk. Twisting the back for 0-10 minutes during the lesson was 
associated with an increased risk of 75% and twisting the back for more than 10 
minutes during the lesson was associated with double the risk. Twisting the neck for 0- 
10 minutes during the lesson was associated with an increased risk of more than 60% 
and twisting the neck for more than 10 minutes during the lesson was associated with 
more than double the risk. Bending the neck for more than 10 minutes during the lesson 
was associated with an increased risk of over 60%. Reporting that their chair height was 
too low and backrest position too low were both associated with approximately double 
the risk while backrest position too high was associated with a threefold increase in the 
risk. Backrest curve too flat was associated with more than double the risk and desk 
height, don’t know and desk height, too low were also associated with approximately 
double the risk.
Children who had a borderline score on the hyper questions had a decreased risk of 
0.65. A borderline score on the Emotion questions had an increased risk of 2.1 and an 
abnormal score had an increased risk of 2.97.
Headache 1-2 days in the last month was associated with an increased risk of over 60% 
and headache 3-31 days in the last month was associated with more than a threefold 
increase in risk. Sore throat 1-2 days in the last month was associated with an increased 
risk of approximately 80% and sore throat 3-31 days in the last month more than 
doubled the risk. Stomachache 1-2 days in the last month was associated with 
approximately double the risk and stomachache 3-31 days in the last month was 
associated with an almost threefold increase in the risk. Having a part time job was 
associated with an increased risk of over 50%.
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4.5.5 Upper back pain in the last week
Sometimes having difficulties with homework was associated with more than double 
the risk and having difficulties with homework had an almost threefold increase in the 
risk. Twisting the back for more than 10 minutes during the lesson was associated with 
an increased risk of approximately 70%. Twisting the neck for 0-10 minutes during the 
lesson was associated with an increased risk of approximately 90% and twisting the 
neck for more than 10 minutes during the lesson more than doubled the risk. Reporting 
that the chair height was too low and backrest position too low was associated with 
approximately double the risk. Reporting the backrest curve too flat was associated 
with more than double the risk as did desk height, don’t know and desk height too low 
was associated with an increased risk of approximately 80%.
A borderline or abnormal score on the Emotion questions was associated with more 
than double the risk.
Headache 1-2 days in the last month was associated with approximately double the risk 
and headache 3-31 days in the last month was associated with a more than threefold 
increase in the risk. Sore throat 1-2 days in the last month was associated with more 
than double the risk and sore throat 3-31 days in the last month and stomachache 3-31 
days in the last month was associated with approximately a threefold increase in the 
risk (table 60).
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Table 60. Upper back pain in the last month and week
t  Gender $ Age Upper back pain last month Upper back pain last week
Variable P -  value Odds Ratio Cl (95%) P - value Odds Ratio Cl (95%)
Height cms
1 1 0 - 1 5 4 Reference: Reference:
1 5 5 -1 6 2 0.85 1.04 0 .6 8 -1 .5 9 0.98 0.99 0 .5 9 -1 .6 7
163 -  197 0.71 0.91 0 .5 7 -1 .4 6 0.7 1.12 0 .6 3 -1 .9 7
Weight kgs
2 5 - 4 4 Reference: Reference:
4 5 - 5 0 0.13 0.72 0 .4 7 -1 .1 0.13 0.66 0 .3 9 -1 .1 3
5 1 - 8 5 0.69 0.92 0 .5 9 -1 .4 2 0.92 0.97 0 .5 7 -1 .6 5
Body Mass Index
1 1 .1 1 -1 7 .7 1 Reference: Reference:
1 7 .7 2 -1 9 .5 7 0.21 0.77 0 .5 1 -1 .1 6 0.15 0.69 0 .4 2 -1 .1 4
1 9 .5 8 -3 2 0.4 0.84 0 .5 6 -1 .2 6 0.68 0.9 0 .5 6 -1 .4 7
School performance
High 70+ Reference: Reference:
Medium 4 8 - 6 9 0.31 1.22 0 .8 3 -1 .7 8 0.97 0.99 0 .6 2 -1 .5 7
Low 47- 0.26 0.77 0 .5 -1 .2 1 0.64 0.88 0 .5 2 - 1 .5
Bag weight kgs
0 - 1 .8 Reference: Reference:
1 .9 -2 .5 0.36 0.78 0 .4 5 -1 .3 3 0.24 0.68 0 .3 5 -1 .3 1
2 .5 6 - 3 .3 0.45 0.81 0 .4 7 - 1 .4 0.88 0.95 0 .5 1 -1 .7 8
3 .4 - 4 .4 5 0.06 1.66 0 .9 9 -2 .7 9 0.83 1.07 0 .5 8 - 1 .9 9
4 .4 6 -9 .3 5 0.9 1.03 0 .6 1 -1 .7 6 0.58 0.84 0 .4 4 -1 .5 8
Bag % Bodyweight
0 - 3 .6 7 Reference: Reference:
3 .6 8 -5 .4 2 0.34 0.77 0 .4 5 -1 .3 2 0.35 0.74 0 .3 9 - 1 .4
5.43 -  7.22 0.56 0.85 0 .4 9 -1 .4 6 0.71 0.89 0 .4 7 -1 .6 8
7 .2 3 - 1 0 0.34 1.29 0.77 -2 .1 8 0.88 1.05 0 .5 9 - 1 .9 5
10. 1 - 2 1 0.65 1.13 0 .6 6 -1 .9 3 0.44 0.77 0 .4 - 1 .4 9  •
School sport hrs
0 - 1 .4 2 Reference: Reference:
1 .4 3 -2 .7 5 0.09 1.43 0 .9 5 -2 .1 4 0.15 1.44 0 .8 8 -2 .3 4
2 .7 6 -3 0 .5 0.43 1.19 0 .7 8 -1 .8 1 0.79 1.07 0 .6 4 -1 .8 1
Outside sport hrs
0-1 Reference: Reference:
1 . 3 - 3 0.43 1.18 0 .7 8 - 1 .7 6 0.19 1.39 0.85 - 2 .2 6
3 .1 - 3 6 0.81 1.05 0 .6 9 - 1 .6 0.53 1.18 0 .7 - 1 .9 7
Lesson length
Less 1 hr Reference: Reference:
1 hour 0.19 1.38 0.8 6 -2 .2 2 0.47 1.24 0 .6 9 -2 .2 4
More 1 hr 0.27 1.38 0 .7 8 -2 .4 3 0.23 1.51 0.77 -  3
Schoolwork difficulty
No Reference: Reference:
Sometimes 0.22 1.34 0.86 - 2 .1 5 0.11 1.65 0 .8 9 -3 .0 6
Yes 0.12 2.2 0 .8 1 -5 .9 9 0.65 1.37 0 .3 5 -5 .3 4
Homework difficulty
No Reference: Reference:
Sometimes 0.000** 2.8 1 .5 9 -4 .9 0.009** 2.61 1 .2 8 -5 .3 6
Yes 0.000**-# 4.16 1 .9 2 -9 .0 4 0 .0 3 * # 2.91 1 .1 -7 .7 1
Sit desk posture
Upright Reference: Reference:
20 degree flexion 0.51 1.32 0 .6 0 - 3 .0 1 0.24 2.08 0 .6 2 -6 .9 6
45 degree flexion 0.47 1.39 0 .5 7 -3 .3 5 0.25 2.11 0 .5 9 -7 .5 4
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Table 60. Upper back pain in the last month and week
t  Gender $ Age Upper back pain last month Upper back pain last week
Variable P -  value Odds Ratio Cl (95%) P - value Odds Ratio Cl (95%)
Twist back
No Reference: Reference:
0-10  minutes 0.005** 1.75 1 .1 8 -2 .5 8 0.18 1.38 0.87 - 2 .2 2
10 minutes + 0.0 0 1 * * # 2.05 1 .3 4 -3 .1 4 0.04* 1.69 1.0 2 - 2 .8
Twist neck
No Reference: Reference:
0-10  minutes 0.02* 1.64 1 .0 7 -2 .5 1 0.02* 1.86 1 .0 9 -3 .1 6
10 minutes + o.ooo**tî 2.41 1 .5 7 -3 .6 8 0.0 0 2 * * tî 2.31 1 .3 6 -3 .9 3
Bend neck
N o Reference: Reference:
0-10  minutes 0.19 1.41 0.88 - 2 .3 4 0.76 1.1 0.61 - 2 .0 7
10 minutes + 0 .0 0 9 * * # 1.65 1 .1 4 -2 .3 9 0.31 1.26 0 .8 1 -1 .9 8
Chair height 
Correct Reference: Reference:
Don’t know 0.12 1.4 0 .9 2 -2 .1 4 0.18 1.41 0 .8 5 -2 .3 5
Too low 0.001** 2.09 1 .3 3 -3 .2 9 0.02* 1.91 1 .1 2 -3 .2 6
Too high 0 .3 7 t î 1.5 0 .6 2 -3 .6 6 0.14 2.1 0 .7 9 -5 .5 5
Backrest
Correct Reference: Reference:
Don’t know 0.58 1.13 0 .7 3 -1 .7 6 0.16 1.47 0 .8 6 -2 .5 2
Too far forward 0.21 1.42 0.82 -2 .4 7 0.22 1.52 0.79 - 3
Too far back 0.46 1.17 0 .7 7 -1 .7 7 0.09 1.55 0 .9 3 -2 .5 7
Backrest position 
Correct Reference: Reference: _
Don’t know 0.61 1.12 0 .7 3 -1 .7 2 0.07 1.61 0 .9 6 -2 .6 9
Too low 0.002** 1.92 1 .2 7 -2 .9 0.007** 2.01 1 .2 1 -3 .3 2
Too high 0 .005**tî 3.07 1 .3 9 -6 .7 4 0 .0 7 t î 2.32 0 .9 3 -5 .8 3
Backrest curve
Correct Reference: Reference:
Don’t know 0.21 1.36 0 .8 4 -2 .2 2 0.3 1.37 0 .7 6 -2 .4 8
Too flat 0.000** 2.68 1 .5 7 -4 .5 5 0.004** 2.5 1 .3 5 -4 .6 3
Too curved 0 .0 9 t î 1.45 0 .9 5 -2 .2 3 0.43 1.24 0.73 -2 .1 2
Desk height 
Correct Reference: Reference: -
Don’t know 0.04* 1.86 1 .0 3 -3 .3 8 0.01* 2.31 1.4 - 4 .4 6
Too low 0.004** 2.05 1 .2 6 -3 .3 4 0.04* 1.82 1 .0 3 -3 .2 2
Too high 0.2ff 1.46 0 .8 3 -2 .5 8 0 .7 4 # 1.13 0 .5 5 -2 .3 3
Bag type 
Rucksack Reference: Reference:
Sports bag 0.54 0.016 0 -  8796 0.69 0.12 0 - 3 5 4 4
Shoulder bag 0.65 1.13 0 .6 8 -1 .8 7 0.33 1.34 0 .7 4 -2 .4 3
Cross bag 0.91 1.04 0.49 - 2.24 0.24 1.64 0 .7 2 -3 .7 5
Bag cany  
Both shoulders Reference: Reference:
Across body 0.91 1.03 0 .6 - 1 .7 7 0.34 1.35 0 .7 2 -2 .5 3
1 hand or shoulder 0.07 1.45 0 .9 7 -2 .1 6 0.06 1.58 0 .9 9 -2 .5 3
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Table 60. Upper back pain in the last month and week
t  Gender % Age Upper back pain last month Upper back pain last week
Variable P -  value Odds Ratio Cl (95%) P - value Odds Ratio Cl (95%)
Hyper
Normal Reference: Reference:
Borderline 0.05* 0.65 0 .4 2 -0 .9 9 0.64 0.94 0 .5 6 -1 .5 7
Abnormal 0.7 1.08 0 .7 3 -1 .6 1 0.81 1.18 0.72 - 1.92
Emotion
Normal Reference: Reference:
Borderline 0.001** 2.1 1 .3 7 -3 .2 3 0.002** 2.31 1 .3 8 -3 .8 9
Abnormal o.ooo**tî 2.97 1 .9 6 -4 .5 1 0 .0 0 3 * * tî 2.2 1 .3 1 -3 .6 9
Conduct
Normal Reference: Reference:
Borderline 0.47 1.17 0 .7 6 - 1 .8 0.6 1.16 0 .6 7 -1 .9 9
Abnormal 0.08 1.48 0 .9 5 -2 .3 1 0.06 1.67 0 .9 7 -2 .8 7
Peer
Normal Reference: Reference:
Borderline 0.12 1.41 0 .9 2 -2 .1 5 0.83 0.95 0 .5 6 -1 .5 9
Abnormal 0.51 1.14 0 .7 7 -1 .6 8 0.47 0.84 0 .5 2 -1 .3 5
Pro-social
Normal Reference: Reference:
Borderline 0.96 0.99 0 .6 7 -1 .4 6 0.69 1.1 0 .6 9 -1 .7 5
Abnormal 0.17 1.37 0 .8 7 -2 .1 5 0.88 0.96 0 .5 4 -1 .6 9
SDQ total 
Normal Reference: Reference:
Borderline 0.02* 1.65 1.07 -2 .5 4 0.1 1.55 0 .9 3 -2 .5 9
Abnormal 0.000** 2.16 1 .4 5 -3 .2 0.07 1.56 0 .9 7 -2 .5 1
Headache
0 days Reference: Reference:
1-2  days 0.04* 1.65 1 .0 4 -2 .6 3 0.05* 1.86 1 .0 1 -3 .4 2
3 - 3 1  days o.ooo**tî 3.32 - 2 .1 1 -5 .2 2 o.ooo**tî 3.56 1 .9 9 -6 .3 8  .
Sore throat
0 days Reference: Reference:
1-2  days 0.01* 1.79 1 .1 3 -2 .8 6 0.008** 23 1 .2 5 -4 .2 4
3 - 3 1  days o.ooo**tî 2.34 1 .5 -3 .6 4 0.0 0 1 * * # 2.8 1.56-5.02
Stomachache
0 days Reference: Reference:
1-2  days 0.002** 1.95 1 .2 8 -2 .9 6 0.06 1.68 0.99-2.86
3 - 3 1  days o.ooo**tî 2.79 1 .7 7 -4 .3 7 o.ooo*tî 2.9 1 .6 8 -5 .0 1
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Table 60. Upper back pain in the last month and week
t  Gender J Age Upper back pain last month Upper back ]ain last week
Variable P -  value Odds Ratio Cl (95%) P - value Odds Ratio Cl (95%)
Edge o f  seat 0.47 0.89 0 .6 4 -1 .2 4 0.24 0.78 0 .5 2 -1 .1 7
Refuse weight 0.13 0.66 0 .3 8 -1 .1 4 0.16 0.6 0 .3 -1 .2 3
Job 0.04* 1.55 1 .0 1 -2 .3 7 0.47 1.21 0 .7 2 -2 .0 2
Double lesson 0.9 1.02 0 .7 1 -1 .4 9 0.99 1 0 .6 4 -1 .5 8
Sport type (football) 0.93 1.02 0 .6 5 - 1 .6 0.87 1.05 0 .6 1 -1 .8
Travel (walk) 0.58 0.9 0.63 -  1.3 0.68 0.91 0 .5 8 -1 .4 2
Computer games 0.86 0.97 0 .6 6 -1 .4 1 0.96 1.01 0 .6 4 - 1 .6
TV 2 hrs + 0.69 1.07 0 .7 7 -1 .4 9 0.44 1.17 0 .7 8 -1 .7 6
Competitive sport 0.97 0.99 0 .7 1 -1 .3 9 0.6 0.9 0 .6 -1 .3 5
Lockers 0.5 1.15 0 .7 7 -1 .7 1 0.81 1.06 0 .6 6 -1 .7 1
Locker use 0.9 0.98 0 .7 - 1 .3 7 0.8 1.06 0 .7 - 1 .5 8
Absent last week 0.1 1.83 0 .9 -3 .7 5 0.11 1.91 0 .8 6 -4 .2 3
Absent last month o.ooo**tt 2.84 1 .7 2 -4 .6 7 0.0 0 0 * * # 3.5 2.06 -  5.94
Accident 0.06 1.54 0 .9 8 - 2 .4 0.35 1.29 0 .7 5 -2 .2 2
Family with LBP 0.83 1.04 0 .7 4 -1 .4 6 0.98 0.99 0 .6 6 -1 .5
Low back injury 0.24 1.26 0 .8 6 -1 .8 5 0.27 1.29 0 .8 2 -2 .0 4
Treatment for M SD’s 0.0 0 1 * * # 1.86 1 .2 9 -2 .6 7 0.06 1.52 0 .9 9 -2 .3 5
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4.5.6 Upper back pain 1 day or more in the last month
Having difficulties with schoolwork was associated with more than a threefold increase 
in the risk. Sometimes having difficulties with homework was associated with more 
than threefold increase in the risk and having difficulties with homework was 
associated with more than a fivefold increase in the risk. Twisting the back for 0-10 
minutes during the lesson was associated with an increased risk of approximately 60% 
and twisting the back for more than 10 minutes during the lesson was associated with 
more than double the risk. Bending the neck for more than 10 minutes during the lesson 
was associated with an increased risk of approximately 70%. Reporting that the chair 
height was too low was associate with approximately a threefold increase in the risk. 
Backrest position too low was associated with an increase in the risk of approximately 
70%. Reporting the backrest curve too flat and the desk height too low were both 
associated with double the risk. Carrying a schoolbag in one hand or on one shoulder 
was associated with an increased risk of approximately 80%.
A borderline score on the Emotion questions was associated with double the risk and an 
abnormal score on the Emotion questions was associated with approximately a 
threefold increase in the risk.
Headache 1-2 days in the last month was associated with more than a threefold increase 
in the risk and headache 3-31 days in the last month was associated with a more than a 
six-fold increase in the risk. Sore throat 1-2 days in the last month was associated with 
double the risk and sore throat 3-31 days in the last month was associated with 
threefold increase in the risk. Stomachache 1-2 days in the last month was associated 
with double the risk and stomachache 3-31 days in the last month was associated with 
approximately a fourfold increase in the risk. Being absent from school in the last 
month was associated with a fourfold increase in the risk. Having an accident in the last 
month was associated with an increase in the risk of approximately 80% and having 
treatment for a musculoskeletal disorder was associated with a threefold increase in the 
risk (table 61).
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Table 61. Upper back pain 1 day or more in the last month
• Gender t  Age UBP 1 day or more in the last month
Variable P - value Odds Ratio Cl (95%)
Height cm  
1 1 0 - 1 5 4 Reference:
1 5 5 - 1 6 2 0.18 1.43 0 .8 5 - 2 .4
1 6 3 - 1 9 7 0.19 1.47 0 .8 3 -2 .6 1
Weight kg 
2 5 - 4 4 Reference:
4 5 - 5 0 0.18 0.7 0 .4 1 -1 .1 9
5 1 - 8 5 0.09 0.65 0 .3 9 -1 .0 7
Body Mass Index 
1 1 .1 1 -1 7 .7 1 Reference:
17.72 - 1 9 .5 7 0.09 0.65 0 .3 9 -1 .0 8
1 9 .5 8 -3 2 1 1 0 .6 2 -1 .6 1
School performance 
High 70+
Medium 4 8 - 6 9
Reference:
0.5 1.17 0 .7 4 -1 .8 4
Low 47- 0.7 0.9 0 .5 3 -1 .5 3
Bag weight kg 
0 - 1 .8 Reference:
1 .9 - 2 .5 0.88 0.95 0 .5 - 1 .8
2 .5 6 - 3 .3 0.24 0.66 0 .3 3 -1 .3 2
3 .4 - 4 .4 5 0.08 1.73 0 .9 4 -3 .1 7
4.46 -  9.35 0.86t 1.06 0 .5 6 - 2 .0
Bag % Bodyweight 
0 - 3 .6 7 Reference:
3 .6 8 -5 .4 2 1.0 1.01 0 .5 3 - 1 .9
5 .4 3 -7 .2 2 0.91 1.04 0 .5 4 -1 .1
7.23 - 1 0 0.34 1.36 0 .7 3 -2 .5 4
10. 1 - 2 1 0.96 1.02 0 .5 3 -1 .9 7
School sport hrs 
0 - 1 .4 2 Reference:
1 .4 3 -2 .7 5 0.11 1.50 0 .9 1 -2 .4 7
2.76 -  30.5 0.12 1.50 0 .9 -2 .5 1
Outside sport hrs 
0-1 Reference:
1 . 5 - 3 0.2 1.36 0 .8 5 - 2 .2
3 .1 - 3 6 0.81 1.07 0 .6 4 -1 .7 8
Lesson length 
Less 1 hr Reference:
1 hour 0.62 1.15 0. 6 6 - 2 .0
More 1 hr 0.74 0.89 0 .4 5 -1 .7 7
Schoolwork difficulty 
N o Reference:
Sometimes 0.06 1.86 0 .9 8 -3 .5 1
Yes 0.02* 3.76 1.21 -1 1 .6 9
Homework difficulty 
N o Reference:
Sometimes 0.002** 3.51 1 .5 8 -7 .7 8
Yes 0.0 0 1 * * # 5.53 2 .0 4 -1 4 .9 7
Sit desk posture 
Upright
20 degree flexion
Reference:
0.77 1.16 0 .4 4 -3 .1
45 degree flexion 0.61 1.32 0 .4 6 -3 .7 7
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Table 61. Upper back pain 1 day or more in the last month
t  Gender X Age UBP 1 day or more in the last month
Variable P - value Odds Ratio Cl (95%)
Twist back
No Reference: -
0-10  minutes 0.05* 1.62 1.0 - 2 .6 3
10 minutes + o.ooo**tî 2.6 1 .5 9 -4 .2 7
Twist neck
No Reference:
0-10  minutes 0.23 1.37 0 .8 2 -2 .2 9
10 minutes + 0 .008**tî 1.97 1 .1 9 -3 .2 6
Bend neck
N o Reference:
0-10  minutes 0.24 1.44 0 .7 8 -2 .6 4
10 minutes + 0 .0 3 * # 1.66 1 .0 7 -2 .5 8
Chair height 
Correct Reference:
D on’t know 0.07 1.6 0 .9 7 -2 .6 5
Too low 0.000** 2.86 1 .7 2 -4 .7 6
Too high 0 .8 9 t î 0.91 0 .2 6 -3 .1 8
Backrest
Correct Reference:
D on’t know 0.76 0.92 0 .5 3 -1 .5 9
Too far forward 0.61 1.19 0 .6 2 -2 .3 1
Too far back 0.6 1.14 0 .7 -1 .8 7
Backrest position 
Correct Reference:
Don’t know 0.64 0.88 - 0 .5 2 -1 .5
Too low 0.04* 1.68 1 .0 4 -2 .7 2
Too high 0.08 2.19 0 .9 1 -5 .2 7
Backrest curve
Correct Reference:
D on’t know 0.6 1.18 0 .6 5 -2 .1 5
Too flat 0.03* 2.0 1 .0 7 -3 .7 6
Too curved 0.12f 1.51 0 .9 -2 .5 2
Desk height 
Correct Reference:
D on’t know 0.16 1.65 0 .8 2 -3 .3 2
Too low 0.006** 2.14 1 .2 4 -3 .7 1
Too high 0 .2 3 t î 1.51 0 .7 8 -2 .9 4
Bag type 
Rucksack Reference:
Sports bag 0.69 0.01 .0 0 -3 3 9 5 3
Shoulder bag 0.15 1.51 0 .8 6 -2 .6 4
Cross bag 0.23 0.48 0 .1 4 - 1 .6
Bag cany  
Both shoulders Reference:
Across body 0.49 1.25 0 .6 6 -2 .3 7
1 hand or shoulder 0.0 1 * # 1.8 1 .1 4 -2 .8 4
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Table 61. Upper back pain 1 day or more in the last month
t  Gender $ Age UBP 1 day or more in the last month
Variable P - value Odds Ratio Cl (95%)
Hyper
Normal Reference:
Borderline 0.3 0.76 0 .4 6 -1 .2 7
Abnormal 0.72 1.09 0 .6 8 -1 .7 5
Emotion
Normal Reference:
Borderline 0.009** 2.03 1 .1 9 -3 .4 7
Abnormal 0.0 0 0 * * # 2.94 1 .7 7 -4 .8 8
Conduct
Normal Reference:
Borderline 0.79 1.07 0.63 -1 .8 1
Abnormal 0.18 1.44 0 .8 5 -2 .4 4
Peer
Normal Reference:
Borderline 0.33 1.29 0 .7 7 -2 .1 7
Abnormal 0.18 1.37 0 .8 7 -2 .1 7
Pro-social
Normal Reference:
Borderline 0.84 1.05 0 .6 6 -1 .6 7
Abnormal 0.58 1.17 0.6 8 -2 .0 1
SDQ total 
Normal Reference:
Borderline 0.003** 2.15 1 .3 -3 .5 8
Abnormal 0.000**1-$ 2.33 1 .4 5 -3 .7 3
Headache
0 days Reference:
1 -  2 days 0.001** 3.26 1 .6 2 -6 .5 5
3 - 3 1  days 0.0 0 0 * * # 6.59 3 .3 6 -1 2 .9 5
Sore throat
0 days Reference:
1 -  2 days 0.02* 2.13 1 .1 5 -3 .9 4
3 - 3 1  days 0.0 0 0 * * # 3.12 1 .7 5 -5 .5 6
Stomachache
0 days Reference:
1 -  2 days 0.003** 2.32 1 .3 4 -4 .0 2
3 - 3 1  days 0.000**$$ 3.73 2 .1 1 -6 .5 8
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Table 61. Upper back pain 1 day or more in the last month
t  Gender $ Age UBP 1 day or more in the last month
Variable P - value Odds Ratio Cl (95%)
Edge o f  seat 0.59 0.9 0 .6 - 1 .3 4
Refuse weight 0.1 0.55 0 .2 7 -1 .1 2
Job 0.25 1.34 0 .8 1 -2 .2 2
Double lesson 0.67 1.1 0.71 -  1.72
Sport type (football) 0.36 0.77 0.44 - 1.35
Travel (walk) 0.12 0.69 0 .4 4 -1 .1
Computer games 0.93 1.02 0 .6 5 - 1 .6
TV 2 hrs + 0.37 0.83 0 .5 6 -1 .2 5
Competitive sport 0.7 1.08 0 .7 3 -1 .6 2
Lockers 0.64 1.12 0 .7 -1 .8 1
Locker use 0.95 1.01 0 .6 8 -1 .5 1
Absent last week 0.05 2.16 1 .0 -4 .6 8
Absent last month 0.000**$$ 4.12 2.44 -  6.94
Accident 0.03*$$ 1.77 1 .0 7 -2 .9 4
Family with LBP 0.76 1.07 0 .7 1 - 1 .6
Low back injury 0.17 1.37 0 .8 7 -2 .1 4
Treatment for M SD ’s 0.000**$$ 2.74 1 .8 1 -4 .1 6
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4.5.7 Low back pain in the last month
Lessons that lasted for more than 1 hour were associated with an increased risk of 80%. 
Twisting the back 0-10 minutes during the lesson was associated with an increased risk 
of 50% and twisting the back for more than 10 minutes during the lesson was 
associated with more than double the risk. Twisting the neck 0-10 minutes during the 
lesson was associated with an increased risk of approximately 50% and twisting the 
neck more than 10 minutes during the lesson was associated with approximately double 
the risk. Bending the neck for more than 10 minutes during the lesson was associated 
with an increased risk of approximately 80%. Backrest too far forward was associated 
with more than double the risk of and backrest too far back and backrest position don’t 
know were both associated with an increased risk of 60%. Backrest position too low 
was associated with double the risk and backrest position too high was associated with 
approximately a fivefold increase in risk. Backrest curve too flat was associated with 
approximately double the risk and backrest curve, too curved and bag across one 
shoulder were both associated with double the risk.
An abnormal score on the hyper questions was associated with an increased risk of 
approximately 50% and an abnormal score on the Emotion questions was associated 
with double the risk.
Headache 1-2 days in the last month was associated with an increased risk 
approximately 60% and headache 3-31 days in the last month was associated with a 
threefold increase in risk. Sore throat 1-2 days, sore throat 3-31 days and stomachache 
1-2 days in the last month were all associated with more than double the risk and 
stomachache 3-31 days in the last month was associated with a threefold increase in 
risk. Reporting a MSD due to an accident was associated with an increased risk of 
approximately 80%. Having a family member with low back pain was associated with 
an increased risk of 60% while a low back injury ever was associated with an increased 
risk of 50%.
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4.5.8 Low back pain in the last week
High body mass index was associated with an increased risk of 60% and playing more 
sport in school was associated with a decreased risk of approximately 60%, Twisting 
the back or twisting the neck more than 10 minutes during the lesson approximately 
doubled the risk. Chair height too low was associated with an increased risk of 
approximately 75% and backrest too far forward was associated with approximately a 
threefold increase in risk. Backrest too far back was associated with an increased risk of 
approximately 90% and backrest position, don’t know was associated with an increased 
risk of 70%. Backrest position too low was associated with approximately a threefold 
increase in risk and backrest curve too flat was associated with more than double the 
risk. Backrest curve too curved was associated with double the risk and carrying across 
one shoulder type bag was associated with more than double the risk, carrying a bag if 
in one hand or one shoulder was also associated with an increased risk of 70%.
An abnormal score on the Emotion questions was associated with approximately double 
the risk and having a headache 3-31 days in the last month was associated with 
approximately a threefold increase in risk.
Sore throat 3-31 days in the last month was associated with an increased risk of 70%. 
Stomachache 1-2 days in the last month was associated with double the risk and 
stomachache 3-31 days in the last month was associated with approximately a threefold 
increase in the risk (table 62).
149
Table 62. Low back pain in the last month and week
t  Gender $ Age Low back pain last month Low back pain last week
Variable P - value Odds Ratio Cl (95%) P - value Odds Ratio Cl (95%)
Height cms 
1 1 0 - 1 5 4 Reference: Reference:
1 5 5 - 1 6 2 0.19 0.76 0 .5 -1 .1 5 0.61 0.88 0 .5 3 -1 .4 5
163 - 1 9 7 0 .59 t 0.88 0 .5 6 -1 .3 8 0.64 1.14 0 .6 7 -1 .9 3
Weight kgs 
2 5 - 4 4 Reference: Reference:
4 5 - 5 0 0.77 0.94 0.64 -  1.43 0.93 0.98 0 .5 8 -1 .6 4
5 1 - 8 5 0.32$ 1.24 0.81 - 1.91 0.07$ 1.61 0 .9 7 -2 .6 8
Body Mass Index
1 1 .1 1 -1 7 .7 1 Reference: Reference:
1 7 .7 2 -1 9 .5 7 0.71 1.08 0 .7 3 - 1 .6 0.71 1.1 0 .6 7 - 1 .8
1 9 .5 8 -3 2 0.32 1.22 0 .8 2 -1 .8 1 0.04* 1.64 1 .0 3 -2 .6 3
School performance 
High 70+ Reference: Reference:
Medium 4 8 - 6 9 0.61 0.91 0.65 -1 .3 1 0.94 1.02 0 .6 6 -1 .5 7
Low 47- 0.13 0.73 0 .4 8 -1 .1 0.41 0.81 0 .4 9 -1 .3 4
Bag weight kgs 
0 - 1 .8 Reference: Reference:
1 .9 - 2 .5 0.96 1.01 0.61 - 1 .6 8 0.5 0.81 0 .4 3 - 1 .5
2 .5 6 - 3 .3 0.82 0.94 0 .5 7 -1 .5 7 0.66 1.14 0.66 - 2 .0 6
3 .4 -4 .4 5 0.26 1.34 0.80 - 2 .2 2 0.53 1.21 0.67 - 2.2
4.46 -  9.35 0.45 1.21 0 .7 3 -2 .0 1 0.98 0.99 0 .5 4 -1 .8 1
Bag % Bodyweight 
0 - 3 .6 7 Reference: Reference:
3.68 -  5.42 0.49 0.84 0 .5 1 -1 .3 8 0.87 0.95 0 .5 4 - 1 .7
. 5.43 -  7.22 0.61 0.88 0 .5 2 -  1.46 0.55 0.83 0 .4 5 -1 .5 2
7 .2 3 - 1 0 0.86 1.05 0 .6 7 - 1 .7 3 0.74 0.91 0 .5 - 1 .6 4
10. 1 - 2 1 0.59 1.15 0 .6 9 -1 .9 1 0.39 0.76 0 .4 1 -1 .4 1  .
School sport hrs 
0 - 1 .4 2 Reference: Reference:
1 .4 3 -2 .7 5 0.73 0.94 0.68 - 1.37 0.36 0.81 0 .5 2 -1 .2 7
2 .7 6 -3 0 .5 0.03* 0.64 0 .4 3 -0 .9 6 0.02* 0.56 0 .3 5 -0 .9 1
Outside sport hrs 
0-1 Reference: Reference:
1.6 -  3 0.16 T .32 0 .9 - 1 .9 0.25 1.3 0 .8 3 -2 .0 5
3 .1 - 3 6 0.88 0.97 0.65 -1 .4 5 0.72 0.91 0 .5 6 -1 .4 9
Lesson length 
Less 1 hr Reference: Reference:
1 hour 0.69 1.1 0 .7 - 1 .7 2 0.85 1.05 0 .6 1 -1 .8 1
More 1 hr 0.03*$ 1.84 1 .0 8 -3 .1 4 0.13 1.62 0 .8 7 -3 .0 4
Schoolwork difficulty 
N o Reference:
'
Reference:
Sometimes 0.92 1.02 0 .6 9 - 1 .5 7 0.21 1.43 0.81 - 2 .4 9
Yes 0.61 0.76 0 .2 7 -2 .1 7 0.29 1.84 0 .5 9 -5 .7 6
Homework difficulty 
No Reference: Reference:
Sometimes 0.67 1.1 0 .7 1 - 1 .7 0.62 1.15 0.70 - 1 .9 5
Yes 0.96 0.1 0 .4 8 -1 .1 0.24 1.61 0 .7 3 -3 .5 7
Sit desk posture 
Upright Reference: Reference:
20 degree flexion 0.2 1.73 0 .7 6 -3 .9 4 0.61 1.29 0 .4 9 -3 .4 3
45 degree flexion 0.14 1.95 0.81 - 4.7 0.29 1.74 0 .6 2 -4 .9 1
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Table 62. Low back pain in the last month and week
t  Gender $ Age Low back pain last month Low back pain last week
Variable P -  value Odds Ratio Cl (95%) P - value Odds Ratio Cl (95%)
Twist back
N o Reference: Reference:
0-10  minutes 0.02* 1.55 1 .0 7 -2 .2 6 0.23 1.32 0 .8 4 -2 .0 7
10 minutes + 0.000**$$ 2.29 1 .5 2 -3 .4 3 0.005**$$ 1.95 1 .2 2 -3 .1 2
Twist neck
No Reference: Reference:
0-10  minutes 0.05* 1.48 1- 2 .2 0.3 1.3 0.8 - 2 .1 1
10 minutes + 0.001**$$ 1.99 1 .3 3 -2 .9 7 0.005**$$ 1.98 1 .2 3 -3 .1 8
Bend neck
N o Reference: Reference:
0-10  minutes 0.06 1.59 0 .9 8 -2 .5 8 0.54 1.2 0.71 - 2 .1 3
10 minutes + 0.002**$$ 1.76 1 .2 3 -2 .5 1 0.19 1.33 0 .8 7 -2 .0 3
Chair height 
Correct Reference: Reference:
Don’t know 0.21 1.29 0 .8 6 -1 .9 4 0.93 1.02 0 .6 2 -1 .6 9
Too low 0.05 1.55 1 - 2 .4 2 0.03* 1.74 1 .0 6 -2 .8 7
Too high 0.36$$ 1.49 0 .6 3 -3 .5 4 0.36 1.58 0.6 -4 .1 5
Backrest
Correct Reference: Reference:
Don’t know 0.41 1.2 0 .7 8 -1 .8 5 0.1 1.55 0 .9 2 -2 .6 3
Too far forward 0.004** 2.17 1 .2 8 -3 .6 9 0.001** 2.76 1 .5 2 -5 .0 2
Too far back 0.03*$$ 1.56 1 .0 5 -2 .3 2 0.01*$$ 1.89 1 .1 7 -3 .0 7
Backrest position 
Correct Reference: Reference:
Don’t know 0.02* 1.64 1 .1 -2 .4 5 0.04* 1.7 1 .0 4 -2 .7 9
Too low 0.000** 2.21 1 .4 8 -3 .3 1 0.000** 2.81 1 .7 6 -4 .5
Too high 0.000**$$ 4.78 2 .11 -10 .84 0.26$$ 1.73 0 .6 6 -4 .5 2
Backrest curve
Correct Reference: Reference:
Don’t know 0.49 1.18 0 .7 4 - 1 .9 0.29 1.38 0 .7 6 - 2 .5
Too flat 0.02* 1.88 1 .1 1 -3 .1 8 0.002** 2.58 1.7 - 4 .7 6
Too curved 0.000**$$ 2.14 1 .4 3 -3 .2 0.006**$$ 2.03 1 .2 3 -3 .3 6
Desk height 
Correct Reference: Reference:
D on’t know 0.44 0.78 0 .4 2 -1 .4 6 0.64 1.19 0 .5 8 -2 .4 1
Too low 0.31 1.29 0 .7 9 -2 .0 8 0.12 1.55 0 .9 - 2 .6 7
Too high 0.17 1.47 0.85 -2 .5 4 0.38 1.33 0 .7 - 2 .5 4
Bag type 
Rucksack Reference: Reference:
Sports bag 0.89 0.85 0.09 -  8.33 0.64 1.72 0 .1 8 -1 6 .9 7
Shoulder bag 0.93 1.02 0 .6 2 -1 .6 9 0.38 1.29 0 .7 3 - 2 .3
Cross bag 0.04* 2.06 1 .0 2 -4 .1 8 0.006**$$ 2.74 1 .3 3 -5 .6 8
Bag carry 
Both shoulders Reference: Reference:
Across body 0.49 1.19 0 .7 2 -1 .9 7 0.87 1.06 0 .5 7 -1 .9 6
1 hand or shoulder 0.12 1.37 0 .9 2 -2 .0 2 0.02* 1.72 1 .1 -2 .6 7
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Table 62. Low back pain in the last month and week
t  Gender $ Age Low back pain last month Low back pain last week
Variable P - value Odds Ratio Cl (95%) P - value Odds Ratio Cl (95%)
Hyper
Normal Reference: Reference:
Borderline 0.38 1.2 0 .8 -1 .7 9 0.64 1.12 0.68 -  1.83
Abnormal 0.05*$ 1.49 1.0 1 - 2 .2 0.17 1.39 0 .8 7 -2 .2 1
Emotion
Normal Reference: Reference:
Borderline 0.06 1.47 0 .9 8 -2 .1 9 0.11 1.48 0 .9 1 -2 .4 1
Abnormal 0.000**$$ 2.12 1 .4 4 -3 .1 3 0.004**$$ 1.99 1 .2 5 -3 .1 7
Conduct
Normal Reference: Reference:
Borderline 0.35 1.34 0.89 - 2 .0 2 0.08 1.57 0 .9 4 - 2 .6
Abnormal 0.16 1.29 0 .8 4 -1 .9 8 0.17 1.45 0 .8 5 -2 .4 7
Peer
Normal Reference: Reference:
Borderline 0.48 1.16 0 .7 7 -1 .7 6 0.22 1.36 0 .8 4 -2 .2
Abnormal 0.88 0.97 0 .6 7 -1 .4 1 0.48 1.17 0 .7 5 -1 .8 2
Pro-social
Normal Reference: Reference:
Borderline 0.65 0.85 0 .5 9 -1 .2 3 0.34 1.24 0 .8 - 1 .9 2
Abnormal 0.39 0.85 0 .5 5 -1 .3 2 0.63 1.14 0 .6 7 -1 .9 4
SDQ total
Normal Reference: Reference:
Borderline 0.06 1.5 0 .9 9 -2 .2 7 0.41 1.24 0 .7 5 -2 .0 6
Abnormal 0.007** 1.69 1 .1 5 -2 .4 8 0.007** • 1.84 1 .1 8 -2 .8 5
Headache
0 days Reference: Reference:
1-2  days 0.04* 1.58 1 .0 2 -2 .4 3 0.09 1.61 0 .9 3 -2 .7 8
3 - 3 1  days 0.000**$$ 3.18 2 .0 8 -4 .8 7 0.000**$$ 2.94 1 .7 4 -4 .9 6  .
Sore throat
0 days Reference: Reference:
1-2  days 0.000** 2.54 1 .6 3 -3 .9 6 0.31 1.31 0 .7 8 -2 .2 2
3 - 3 1  days 0.000**$$ 2.62 1 .7 -4 .0 2 0.03*$$ 1.74 1 .0 6 -2 .8 4
Stomachache
0 days Reference: Reference:
1-2  days 0.000** 2.69 1 .8 -4 .0 2 0.004** 2.08 1 .2 6 -3 .4 2
3 - 3 1  days 0.000**$$ 3.08 1 .9 8 -4 .7 9 0.000**$$ 2.97 1 .7 5 -5 .0 3
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Table 62. Low back pain in the last month and week
t  Gender $ Age Low back pain last month Low back pain last week
Variable P - value Odds Ratio Cl (95%) P - value Odds Ratio Cl (95%)
Edge o f  seat 0.28 1.19 0 .8 7 -1 .6 4 0.53 1.13 0 .7 7 -1 .6 5
Refuse weight 0.91 1.03 0 .6 2 - 1 .7 0.55 0.83 0 .4 4 -1 .5 5
Job 0.21$ 1.3 0 .8 7 -1 .9 5 0.32 1.27 0 .7 9 -2 .0 4
Double lesson 0.34 0.84 0 .5 8 -1 .2 1 0.68 0.91 0 .5 9 -1 .4 1
Sport type (football) 0.1$ 0.7 0 .4 5 -1 .0 8 0.56 0.86 0 .5 2 -1 .4 3
Travel (walk) 0.88 0.97 0 .6 9 - 1.38 0.39 0.83 0 .5 4 -1 .2 7
Computer games 0.84 0.96 0 .6 7 -1 .3 8 0.99 1.01 0 .6 5 -1 .5 4
TV 2 hrs + 0.19 1.24 0 .9 -1 .7 1 0.23 1.26 0 .8 6 -1 .8 4
Competitive sport 0.71 0.94 0 .6 8 -1 .3 0.7 1.08 0 .7 3 -1 .5 8
Lockers 0.82 0.96 0 .6 6 -1 .3 9 0.94 1.02 0 .6 5 - 1 .6
Locker use 0.59 0.92 0 .6 7 -1 .2 6 0.29 0.81 0 .5 5 - 1 .2
Absent last week 0.18 1.63 0 .8 - 3 .3 2 0.06 2.06 0 .9 7 -4 .3 8
Absent last month 0.000**$$ 3.29 1 .9 7 -5 .5 0.000**$$ 5.43 3 .2 5 -9 .0 6
Accident 0.01*$$ 1.76 ' 1 .1 4 -2 .7 1 0.06 1.6 0 .9 8 -2 .6 1
Family with LBP 0.005**$$ 1.6 1 .1 5 -2 .2 3 0.13 1.36 0 .9 1 -2 .0 1
Low back injury 0.03*$$ 1.52 1 .0 5 -2 .2 0.13 1.39 0 .9 1 -2 .1 4
Treatment for M SD ’s 0.000**$$ 2.07 1 .4 6 -2 .9 4 0.000**$$ 2.33 1 .5 6 -3 .4 7
153
4.5.9 Low back pain ever
Playing sport for between 1.6 and 3 hours a day outside school was associated with an 
increased risk of 65%. Self-report of sitting at more than 45-degree flexion during 
lessons was associated with more than double the risk. Twisting the back 0-10 minutes 
during the lesson was associated with an increased risk of 70% and twisting the back 
for more than 10 minutes during the lesson was associated with more than double the 
risk. Twisting the neck for more than 10 minutes during the lesson was also associated 
with double the risk. Bending the neck for more than 10 minutes during the lesson was 
associated with an increased risk of 80% and chair height too low was associated with 
an increased risk of approximately 60%. Backrest too far forward was associated with 
more than double the risk and backrest too far back was associated with an increased 
risk of 50%. Backrest position too low was associated with approximately double the 
risk and backrest position too high had an increased risk of more than double. Backrest 
curve too curved was associated with an increased risk of approximately 50% and desk 
height too high was associated with an increased risk of 85%.
An abnormal score on the Hyper questions, an abnormal score on the Emotion 
questions, an abnormal score on the Conduct questions and a borderline score on the 
Conduct questions all approximately doubled the risk.
Headache 1-2 days in the last month was associated with more than double the risk and 
headache 3-31 days in the last month was associated with a fourfold increase in risk. 
Sore throat 1-2 days in the last month was associated with more than double the risk 
and sore throat 3-31 days in the last month was associated with approximately a 
threefold increase in the risk. Stomachache 1-2 days in the last month and stomachache 
3-31 days in the last month were both associated with more than double the risk. 
Having a part time job was associated with an increased risk of 85% and having a 
family member with low back pain was associated with an increased risk of 
approximately 70%. Finally having a low back injury ever was associated with more 
than double the risk (table 63).
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Table 63. Low back pain ever
t  Gender $ Age Low back pain ever
Variable P - value Odds Ratio Cl (95%)
Height cms 
1 1 0 - 1 5 4 Reference:
1 5 5 - 1 6 2 0.4 1.18 0 .8 -1 .7 5
1 6 3 - 1 9 7 0.57$ 1.14 0 .7 3 -1 .7 6
Weight kgs 
2 5 - 4 4 Reference:
4 5 - 5 0 0.93 0.98 0.66 — 1.46
5 1 - 8 5 0.07$ 1.47 0 .9 7 -2 .2 3
Body Mass Index
1 1 .1 1 -1 7 .7 1 Reference:
1 7 .7 2 -1 9 .5 7 0.73 0.93 0 .6 4 -1 .3 7
1 9 .5 8 -3 2 0.28 1.24 0 .8 4 -1 .8 3
School performance 
High 70+ Reference:
Medium 48 -  69 0.94 1.02 0 .7 1 -1 .4 6
Low 47- 0.68 0.92 0 .6 2 -1 .3 7
Bag weight kgs 
0 - 1 .8 Reference:
1 .9 - 2 .5 0.33 0.78 0 .4 8 -1 .2 8
2 .5 6 - 3 .3 0.23 0.74 0 .4 5 -1 .2 1
3 .4 - 4 .4 5 0.69 1.11 0 .6 7 -1 .8 3
4 .4 6 -9 .3 5 0.9 1.03 0 .6 2 - 1 .7
Bag % Bodyweight 
0 - 3 .6 7 Reference:
3 .6 8 -5 .4 2 0.5 0.84 0 .5 1 -1 .3 8
5 .4 3 -7 .2 2 0.51 0.84 0 .5 1 -1 .3 9
7.23 - 1 0 0.31 0.77 0 .4 7 -1 .2 7
10. 1 - 2 1 0.61 1.14 0 .6 9 -  1.9
School sport hrs 
0 - 1 .4 2 Reference:
1 .4 3 -2 .7 5 0.69 1.08 0.74 - 1.58
2 .7 6 -3 0 .5 0.91 0.98 0 .6 6 -1 .4 4
Outside sport hrs 
0-1 Reference:
1 . 8 - 3 0.01* 1.65 1.12 -2 .4 2
3 .1 - 3 6 0.18 1.31 0 .8 9 -1 .9 3
Lesson length 
Less 1 hr Reference:
1 hour 0.42 1.19 0 .7 8 -1 .8 3
More 1 hr 0.44 1.23 0 .7 3 -2 .0 5
Schoolwork difficulty 
No Reference:
Sometimes 0.86 1.04 0 .6 9 - 1 .5 8
Yes 0.75 0.85 0 .3 2 -2 .2 6
Homework difficulty
No Reference:
Sometimes 0.97 0.99 0 .6 5 -1 .5 1
Yes 0.47 1.28 0 .6 5 -2 .5 4
Sit desk posture 
Upright
20 degree flexion
Reference:
0.15 1.73 0.82 - 3 .6 2
45 degree flexion 0.03* 2.44 1 .0 9 -5 .4 5
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Table 63. Low back pain ever
t  Gender $ Age Low back pain ever
Variable P - value Odds Ratio Cl (95%)
Twist back
No Reference:
0-10  minutes 0.003** 1.73 1 .2 -2 .4 9
10 minutes + 0.0 0 0 * * # 2.31 1 .5 2 -3 .5
Twist neck
No Reference:
0-10  minutes 0.13 1.34 0 .9 2 -1 .9 5
10 minutes + 0.000**$$ 2.04 1 .3 8 -3 .0 2
Bend neck
N o Reference:
0-10  minutes 0.46 1.2 0 .7 4 -1 .9 4
10 minutes + 0.001**$$ 1.83 1 .27 - 2.63
Chair height 
Correct Reference:
Don’t know 0.19 1.31 0 .9 0 - 1 .9 5
Too low 0.05* 1.58 1 - 2.49
Too high 0.92$ 0.96 0.4 - 2.28
Backrest
Correct Reference:
Don’t know 0.75 0.94 0 .6 2 -1 .4 2
Too far forward 0.004** 2.3 1 .3 1 -4 .0 4
Too far back 0.04*$ 1.5 1.0 2 - 2 .2 2
Backrest position 
Correct Reference:
Don’t know 0.72 1.07 0 .7 3 -1 .5 8
Too low 0.002** 1.92 1.28 - 2.87
Too high 0.03*$$ 2.58 1 .0 9 -6 .1 1
Backrest curve
Correct Reference:
Don’t know 0.74 0.93 0 .6 - 1 .4 4
Too flat 0.37 1.27 0.75 - 2.12
Too curved 0.04*$$ 1.49 1.01 - 2.18
Desk height 
Correct Reference:
Don’t know 0.57 0.84 0 .4 7 -1 .5 2
Too low 0.17 1.41 0 .8 6 -2 .3 2
Too high 0.04* 1.85 1 .0 4 -3 .2 9
Bag type 
Rucksack Reference:
Sports bag 
Shoulder bag
0.46
0.42
0.42
1.23
0 .0 4 -4 .1 6  
0.76 -2 .0 1
Cross bag 0.4 1.36 0 .6 6 -2 .8 2
Bag carry 
Both shoulders Reference:
Across body 0.68 0.9 0 .5 5 -1 .4 7
1 hand or shoulder 0.11 1.39 0 .9 4 -2 .0 5
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Table 63. Low back pain ever
t  Gender $ Age Low back pain ever
Variable P - value Odds Ratio Cl (95%)
Hyper
Normal Reference:
Borderline 0.06 1.45 0 .9 8 -2 .1 3
Abnormal 0.0 0 1 * * # 1.91 1 .3 -  2.8
Emotion
Normal Reference:
Borderline 0.15 1.32 0 .9 -1 .9 3
Abnormal 0.000**$$ 2.2 1 .5 -  3.24
Conduct
Normal Reference:
Borderline 0.000** 2.08 1.4 -3 .0 9
Abnormal 0.002** 1.96 1 .2 9 -2 .9 7
Peer
Normal Reference:
Borderline 0.38 0.84 0 .5 6 -1 .2 5
Abnormal 0.46 0.87 0 .6 1 -1 .2 5
Pro-social
Normal Reference:
Borderline 0.28 0.82 0 .5 7 -1 .1 8
Abnormal 0.95 0.99 0 .6 4 -1 .5 2
SDQ total 
Normal Reference:
Borderline 0.03* 1.6 1 .0 6 -2 .4 1
Abnormal 0.000** 2.29 1 .5 4 -3 .4 1
Headache
0 days Reference:
1 -  2 days 0.000** 2.31 1.56 - 3 .4 4
3 - 3 1  days 0.000**$$ 4.22 2 .7 9 -6 .3 9
Sore throat
0 days Reference:
1 -  2 days 0.000** 2.5 1 .6 6 -3 .7 7
3 - 3 1  days 0.000**$$ 2.91 1 .9 5 -4 .3 2
Stomachache
0 days Reference:
1-2  days 0.000** 2.4 1 .6 5 -3 .4 8
3 - 3 1  days 0.000**$$ 2.63 \ 1 .7 3 - 4
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t  Gender $ Age Low back pain ever
Variable P - value Odds Ratio Cl (95%)
Edge o f  seat 0.92 1.02 0 .7 4 -1 .3 9
Refuse weight 0.26 0.75 0.46 -1 .2 3
Job 0 .0 0 5 * * # 1.85 1 .2 1 -2 .8 4
Double lesson 0.64 1.09 0 .7 7 -1 .5 4
Sport type (football) 0.24 0.78 0 .5 2 -1 .1 8
Travel (walk) 0.98 1 0 .7 1 - 1 .4
Computer games 0.19 1.27 0 .8 9 -1 .8 1
TV 2 hrs + 0.09 1.31 0 .9 6 - 1 .8
Competitive sport 0.52 1.11 0 .8 1 -1 .5 2
Lockers 0.62 0.91 0 .6 3 -1 .3 2
Locker use 0.83 1.03 0 .7 6 -1 .4 2
Absent last week 0.22 1.61 0 .7 6 -3 .4 3
Absent last month 0.000**$$ 4.77 2.48 -9 .1 6
Accident 0.09 1.47 0 .9 4 -2 .3
Family with LBP 0.002**$$ 1.67 1.22-2.3
Low back injury 0.000**$$ 2.39 1 .6 2 -3 .5 4
Treatment for M SD’s 0.000**$$ 2.11 1 .4 6 -3 .0 4
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4.5.10 Low back pain 1 day or more in the last month
Playing sport for between 1.7 and 3 hours a day outside school was associated with an 
increased risk of 60%. Twisting the back for more than 10 minutes during the lesson 
was associated with more than double the risk. Twisting the neck for more than 10 
minutes during the lesson was also associated with double the risk. Chair height ‘don’t 
know’ was associated with an increased risk of 60% and chair height too low was 
associated with double the risk. Backrest position too low was associated with an 
increased risk of 70% and backrest position too high had an almost fivefold increase in 
risk. Backrest curve too flat, too curved and desk height too high were all associated 
with double the increase in risk.
An abnormal score on the hyper questions and an abnormal score on the Emotion 
questions were associated with an increase in risk of approximately 60% and 85% 
respectively.
Headache 3-31 days in the last month was associated with amore than threefold 
increase in risk. Sore throat 1-2 days in the last month was associated with more than 
double the risk and sore throat 3-31 days in the last month was associated with more 
than double the increase in risk. Stomachache 1-2 days in the last month was associated 
with more than double the risk and stomachache 3-31 days in the last month was 
associated with a threefold increase in risk. Having a part time job was associated with 
a very slight increase in risk. Finally having had an accident involving any part of the 
body was associated with an increase of double the risk and having a low back injury 
ever was associated with an increased risk of 50% (table 64).
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able 64. Low back pain 1 day or more in the last month
t  Gender $ Age Low back pain 1 day or more
Variable P - value Odds Ratio Cl (95%)
Height cm 
1 1 0 - 1 5 4 Reference:
1 5 5 -1 6 2 0.58 0.87 0 .5 4 -1 .4 1
1 6 3 - 1 9 7 0.64 0.89 0 .5 3 -1 .4 8
Weight kg 
2 5 - 4 4 Reference:
4 5 - 5 0 0.95 0.99 0 .6 1 - 1 .6
5 1 - 8 5 0.61 1.14 0 .6 9 -1 .8 7
Body Mass Index
1 1 .1 1 -1 7 .7 1 Reference: .
1 7 .7 2 -1 9 .5 7 0.91 0.97 0 .6 1 -1 .5 4
1 9 .5 8 -3 2 0.47 1.18 0 .7 5 -1 .8 6
School performance 
High 70+ Reference:
Medium 4 8 - 6 9 0.55 1.14 0 .7 5 -1 .7 2
Low 47- 0.57 0.87 0 .5 3 -1 .4 2
Bag weight kg 
0 —1.8 Reference:
1 .9 - 2 .5 0.41 0.79 0 .4 4 - 1 .4
2 .5 6 -3 .3 0.28 0.72 0 .4 - 1 .3
3 .4 - 4 .4 5 0.94 0.98 0 .5 5 -1 .7 3
4.46 -  9.35 0.84 0.95 0 .5 4 -1 .6 6
Bag % Bodyweight 
0 - 3 .6 7 Reference:
3 .6 8 -5 .4 2 0.7 0.89 0 .5 - 1 .5 8
5 .4 3 -7 .2 2 0.93 1.03 0 .5 8 -1 .8 3
7.23 -  10 0.47 0.8 0 .4 4 -1 .4 6
10. 1 - 2 1 0.65 1.15 0 .6 4 -2 .0 4
School sport hrs 
0 - 1 .4 2 Reference:
1 .4 3 -2 .7 5 0.52 1.16 0.75 -1 .8
2 .7 6 -3 0 .5 0.57 0.88 0 .5 5 - 1 .4
Outside sport hrs 
0-1 Reference:
1 . 9 - 3 0.04* 1.6 1 .0 3 -2 .4 7
3 .1 - 3 6 0.8 0.94 0 .5 8 -1 .5 2
Lesson length 
Less 1 hr Reference:
1 hour 0.35 1.29 0.76 -2 .21
More 1 hr 0.16 1.57 0 .8 4 -2 .9 5
Schoolwork difficulty 
No Reference:
Sometimes 0.59 1.15 0 .7 0 - 1 .9 2
Yes 0.59 1.34 0 .4 4 -4 .1 6
Homework difficulty , 
No Reference:
Sometimes 0.38 1.26 0 .7 5 -2 .1 3
Yes 0.44 1.38 0 .6 1 -3 .0 9
Sit desk posture 
Upright
20 degree flexion
Reference:
0.42 1.5 0 .5 6 -3 .9 8
45 degree flexion 0.27 1.8 0.64 -  5.07
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Table 64. Low back pain 1 day or more in the last month
t  Gender t  Age Low back pain 1 day or more
Variable P - value Odds Ratio Cl (95%)
Twist back
N o Reference:
0-10  minutes 0.86 1.04 0.66 —1.64
10 minutes + 0.0 0 0 * * # 2.38 1 .5 3 -3 .7 2
Twist neck
N o Reference:
0-10  minutes 0.76 1.07 0.68-1.68
10 minutes + 0.26 1.3 0 .8 2 -2 .0 4
Bend neck
N o Reference:
0-10  minutes 0.35 1.3 0 .7 5 -2 .2 3
10 minutes + .0.52 1.15 0 .7 6 -1 .7 3
Chair height 
Correct Reference: •
D on’t know 0.04* 1.63 1 .0 3 -2 .5 9
Too low 0.001** 2.32 1 .4 3 -3 .7 5
Too high 0 .3 4 # 1.61 0 .6 1 -4 .2 5
Backrest
Correct Reference:
Don’t know 0.62 1.13 0 .6 9 -1 .8 6
Too far forward 0.36 1.33 0.71 - 2 .4 5
Too far back 0.17 1.37 0 .8 7 -2 .1 6
Backrest position 
Correct Reference:
-
D on’t know 0.28 1.3 0 .8 1 -2 .0 8
Too low 0.02* 1.73 1.08 -2 .7 3
Too high o.ooo**tî 4.81 2 .1 6 -1 0 .7
Backrest curve
Correct Reference:
D on’t know 0.27 1.38 0.77 - 2 .4 6
Too flat 0.006** 2.33 1 .2 7 -4 .2 7
Too curved 0.0 0 1 * * # 2.33 1 .4 4 -3 .7 9
Desk height 
Correct Reference:
D on’t know 0.84 1.08 0 .5 3 -2 .1 9
Too low 0.15 ' 1.48 0 .8 6 -2 .5 3
Too high 0 .0 0 9 * * # 2.17 1 .2 2 -3 .8 7
Bag type 
Rucksack Reference:
Sports bag 
Shoulder bag
0.71
0.64
1.53
1.14
0 .1 6 -1 5 .1 1
0 .6 5 -2 .0 1
Cross bag 0.5 1.32 0 .6 -2 .9 1
Bag carry 
Both shoulders Reference:
Across body 0.41 1.27 0.72 - 2 .2 6
1 hand or shoulder 0.08 1.49 0 .9 6 -2 .3
1 6 1
Table 64. Low back pain 1 day or more in the last month
t  Gender % Age Low back pain 1 day or more
Variable P - value Odds Ratio Cl (95%)
Hyper
Normal Reference:
Borderline 0.79 1.07 0 .6 6 -1 .7 3
Abnormal 0.03*# 1.63 1 .0 4 -2 .5 6
Emotion
Normal Reference:
Borderline 0.09 1.5 0 .9 4 -2 .3 9
Abnormal 0.006**tî 1.87 1 .1 9 -2 .9 2
Conduct
Normal Reference:
Borderline 0.38 1.24 0.78 -2 .0 2
Abnormal 0.1 1.51 0 .9 2 -2 .4 9
Peer
Normal Reference:
Borderline 0.61 1.13 0 .7 -1 .8 2
Abnormal 0.69 1.09 0 .7 1 -1 .6 7
Pro-social
Normal Reference:
Borderline 0.82 0.95 0.63 -  1.45
Abnormal 0.49 0.83 0 .5 -1 .4
SDQ total 
Normal Reference:
Borderline 0.009** 1.87 1 .1 7 -2 .9 8
Abnormal 0.02*tî 1.71 1 .1 -2 .6 4
Headache
0 days Reference:
1 -  2 days 0.05 1.72 1.0 -2 .9 5
3 - 3 1  days o.ooo**tî 3.58 2 .1 3 -6 .0 1
Sore throat
0 days Reference:
1 - 2  days 0.001** 2.39 1 .4 1 -4 .0 7
3 - 3 1  days 0.001** 2.32 1 .3 9 -3 .8 9
Stomachache
0 days Reference:
1 - 2  days 0.001** 2.21 1 ,3 6 -3 .5 8
3 - 3 1  days 0.000**# 3.03 1 .8 2 -5 .0 6
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Table 64. Low back pain 1 day or more in the last month
t  Gender $ Age Low back pain 1 day or more
Variable P - value Odds Ratio Cl (95%)
Edge of seat 0.6 1.1 0 .7 6 -1 .5 9
Refuse weight 0.6 0.85 0 .4 7 -1 .5 5
Job 0.04* 1.09 1.01 - 1.17
Double lesson 0.25 0.78 0.51 - 1.19
Sport type (football) 0.06f 0.61 0 .3 7 -1 .0 2
Travel (walk) 0.75 1.07 0 .7 2 -1 .5 9
Computer games 0.94 0.99 0 .6 5 -1 .4 9
TV 2 hrs + 0.94 0.99 0 .6 8 -1 .4 3
Competitive sport 0.53 1.13 0 .7 8 -1 .6 3
Lockers 0.22 0.77 0 .5 1 -1 .1 7
Locker use 0.6 0.91 0 .6 3 -1 .3 1
Absent last week 0 .0 2 * # 2.38 1 .15 -4 .93
Absent last month 0.000**tJ 4.0 2.42 -  6.69
Accident 0.002**tî 2.07 1 .3 -3 .3
Family with LBP 0.24 1.25 0 .8 6 -1 .8 3
Low back injury 0.04*t 1.54 1 .02 -2 .33
Treatment for MSD’s 0.000**# 2.3 1 .5 6 -3 .3 9
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4.6 Multivariate analysis
A forward stepwise logistic regression was performed with the pain categories being 
the dependent variables. Logistic regression was used to assess the relationship between 
one dependent variable and several independent variables. Regression techniques can 
be applied to a data set in which the independent variables are correlated with one 
another and with the dependent variable to varying degrees. The flexibility of 
regression techniques is especially useful to the researcher who is interested in very 
complicated problems that cannot be meaningfully reduced to a laboratory-designed 
study Tabachnick and Fidell (2001). As this study was interested in the outcome 
variable of presence of pain and associated variables, logistic regression was used. 
Stepwise logistic regression was used as in this technique the entry of variables is based 
solely on statistical criteria. This study must be seen as exploratory only and not as the 
examination of pain and causal factors. Therefore the inclusion of variables for purely 
statistical reasons was considered appropriate. Variables that had achieved significance 
levels of (p<0.05) in univariate analysis were entered into each of the multivariate 
models to establish factors that were independently associated with each area of pain. 
The significance level of 0.05 rather than the more stringent 0.01 was used as the 
present study was cross-sectional and therefore may identify potential exposure disease 
associations but not causality. Age and gender were also included in all of the models. 
The following variables were retained for each pain category.
4.6.1 Neck pain in the last month
Children who reported that their backrest curve was too flat and those with a borderline 
score on the Emotion questions had double the risk for neck pain. An abnormal score 
on the Emotion questions was associated with an increased risk 40%. Headache 1-2 
days in the last month was associated with an increased risk of approximately 60% and 
headache 3-31 days in the last month was associated with more than double the risk. 
Sore throat 1-2 days was associated with an increased risk of approximately 90% and 
sore throat 3-31 days in the last month was associated with an increased risk of
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approximately 60%. Having a part time job was associated with an increase of 60% 
(table 65).
Table 65 Neck pain in the last mont 1 and associated factors
t  Gender t  Age Neck pain last month
Variable P - value Odds Ratio Cl (95%)
Backrest curve
Correct Reference:
Don’t know 0.56 1.15 0 .7 3 -1 .8
Too flat 0.006** 2.12 1 .2 4 -3 .6 2
Too curved 0 .09ft 1.41 0 .9 5 -2 .0 9
Emotion
Normal Reference:
Borderline 0.000** 2.1 1 .4 -3 .1 5
Abnormal 0 .09ft 1.41 0 .9 5 -2 .0 8
Headache
0 days Reference:
1 - 2  days 0.04* 1.56 1 .0 4 -2 .3 6
3 - 3 1  days 0.000**ft 2.36 1 .5 2 -3 .6 7
Sore throat
0 days Reference:
1 - 2  days 0.003** 1.87 1 .2 3 -2 .8 5
3 - 3 1  days 0.03*ft 1.57 1 .0 3 -2 .3 8
Job 0.02*f 1.64 1 .0 9 -2 .4 6
4.6.2 Neck pain in the last week
Desk height too low, an abnormal score on the Conduct questions and headache 3-31 
days in the last month were all associated with more than double the risk (table 66).
able 66. Neck pain in the last week and associated factors
f  Gender t  Age Neck pain last week
Variable. P - value Odds Ratio Cl (95%)
Desk heiglit
Correct Reference:
Don’t know 0.62 0.83 0 .3 9 -1 .7 5
Too low 0.005** 2.1 1 .2 5 -3 .5 2
Too high 0.66ft 1.15 0 .6 1 -2 .1 9
Conduct
Normal Reference:
Borderline 0.21 1.4 0 .8 3 -2 .3 8
Abnormal 0.001** 2.53 1 .5 -4 .2 9
Headache
0 days Reference:
1 - 2  days 0.54 1.17 0 .7 -1 .9 6
3 - 3 1  days 0.001**ft 2.34 1 .4 4 -3 .7 9
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4.6.3 Neck pain 1 day or more in the last month
Chair height too low was associated with double the risk. Headache 1-2 days in the last 
month was associated with more than double the risk and headache 3-31 days in the last 
month was associated with more than a threefold increase in the risk. Having a family 
member with low back pain was associated with an increased risk of approximately 
60% and having had treatment for a musculoskeletal disorder was associated with 
double the risk.
Table 67. Neck pain 1 day or more in the last month and associated factors
t  Gender t  Age Neck pain 1 day or more in the last month
Variable P -v a lu e Odds Ratio C l (95%)
Chair height 
Correct Reference:
D on’t know 0.09 1.47 0 .9 4 -2 .3 2
Too low 0.004** 2.02 1 .2 6 -3 .2 6
Too high 0.12# 2.04 0 .8 2 -5 .0 8
Headache
0 days Reference:
1 - 2  days 0 .001** 2.4 1 .4 4 - 4.02
3 - 3 1  days 0 .000* * # 3.4 2 .0 5 -5 .6 4
Family with LBP 0 .01* # 1.65 1 .1 3 -2 .4 1
Treatment for M SD’s 0 .000* * # 2.07 1 .4 1 -3 .0 4
Table 68. Summary of neck pain and associated factors
Variable Last month Last week 1 day or more
Job + (yes)
Desk height ++  (low)
Chair height ++ (low)
Backrest curve ++ (flat)
Emotion ++ (border)
Conduct ++ (abn)
Headache ++  (any) ++ (3-31) ++(any)
Sore throat + (any)
Family LBP + (yes)
Treatment MSD ++ (yes)
+ = Modest (increased risk more than 1) 
++ = Strong (increased risk more than 2)
1 6 6
4.6.4 Upper back pain in the last month
A bag weight of between 3.4 and 4.45 kgs on the day of the study was associated with 
an increased risk of 80%. Sometimes experiencing difficulties with homework more 
than doubled the risk and those who did experience difficulties had a threefold increase 
in risk. Twisting the back for 0-10 minutes during the lesson was associated with an 
increased risk of 80% and twisting the back for more than 10 minutes during the lesson 
was associated with an increased risk of 50%. Twisting the neck for more than 10 
minutes during the lesson was associated with an increased risk of 85%. Backrest 
position too high was associated with approximately a threefold increase in risk and 
desk height, don’t know was associated with more than double the risk while desk 
height too low was associated with an increased risk of 80%. A borderline score on the 
hyper questions was associated with a decreased risk of 40% and a borderline score on 
the Emotion questions was associated with an increased risk of 80%. An abnormal 
score on the Emotion questions and headache 3-31 days in the last month were both 
associated with more than double the risk (table 69).
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Table 69. Upper back pain in the last month and associated factors
t  Gender f  Age Upper back pain last month
Variable P - value Odds Ratio Cl (95%)
Bag weight kgs 
0 - 1.8 Reference:
1 .9 - 2 .5 0.72 0.9 0 .5 - 1 .6 2
2 .5 6 - 3 .3 0.39 0.77 0 .4 3 -  1.39
3.4-4 .45 0.04* 1.83 1 .0 5 -3 .2 4
4.46 -  9.35 0.76 1.1 0.61 - 1 .9 7
Homework difficulty 
N o Reference:
Sometimes 0.004** 2.43 1 .3 3 -4 .4 3
Yes 0 .02* t î 3.02 1 .2 6 -7 .2 5
Twist back
No Reference:
0 - 1 0  minutes 0.009** 1.82 1 .1 6 -2 .8 5
10 minutes + 0 .0 9 tî 1.53 0 .9 3 -2 .5 3
Twist neck
No Reference:
0 - 1 0  minutes 0.15 1.42 0 .8 8 -2 .2 9
10 minutes + 0 .01* # 1.85 1 .1 4 - 3
Backrest position 
Correct Reference:
D on’t know 0.84 0.95 1 .5 7 -1 .5 5
Too low 0.06 1.56 0 .9 9 -2 .4 7
Too high 0.02* t î 2.99 1 .2 3 -7 .2 9
Desk height 
Correct Reference:
Don’t know 0 .01* 2.43 1 .2 3 -4 .7 9
Too low 0.03* 1.8 1 .0 6 -3 .1 1
Too high 0 .5 9 tî 1.2 0 .6 2 -2 .3 1
Hyper
Normal Reference:
Borderline 0 .001** 0.43 0.27 -  0.7
Abnormal 0.06 0.64 0 .4 1 -1 .0 2
Emotion
Normal Reference:
Borderline 0 .01* 1.84 1.13 - 2 .9 7
Abnormal 0 .001* * # 2.24 1 .4 2 -3 .5 6
Headache
0 days Reference:
1 - 2  days 0.49 1.2 0 .7 2 -1 .9 9
3 - 3 1  days o.ooo**tî 2.52 1 .5 2 -4 .1 7
4.6.5 Upper back pain in the last week
Only two variables were retained backrest too flat was associated with more than 
double the risk and headache 3-31 days in the last month was associated with more than 
a threefold increase in the risk (table 70).
1 6 8
Table 70. Upper back pain in the last week and associated factors
t  Gender t  Age Upper back pain last week
Variable P - value Odds Ratio Cl (95%)
Backrest curve
Correct Reference:
D on’t know 0.2 1.48 0.81 - 2.71
Too flat 0.006** 2.43 1.10- 4.56
Too curved 0.67 1.13 0 .6 6 -1 .9 4
Headache
0 days Reference:
1 - 2  days 0.08 1.73 0.94 - 3.2
3 - 3 1  days 0 .000* * # 3.58 2 - 6 .4 1
4.6.6 Upper back pain 1 day or more in the last month
A bag weight of between 3.4 and 4.45 kg on the day of the study was associated with 
double the risk. Sometimes experiencing difficulties with homework more than a 
threefold increase in the risk and those who did experience difficulties had more than a 
fivefold increase in the risk. Twisting the back for more than 10 minutes during the 
lesson was associated with double the risk. Chair height too low was associated with 
double the risk. Headache 1-2 days in the last month was associated with approximately 
a threefold increase in the risk and headache 3-31 days in the last month was associated 
with approximately a fivefold increase in the risk. Having previous treatment for a 
musculoskeletal disorder was associated with more than double the risk (table 71).
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Table 71. Upper back pain 1 day or more last month and associated factors
t  Gender f  Age Upper back pain 1 day or more last month
Variable P - value Odds Ratio Cl (95%)
Bag weight kg 
0 - 1.8 Reference:
1 .9 - 2 .5 0.9 1.04 0 .5 2 -2 .1
2 .5 6 - 3 .5 0.42 0.74 0 .3 5 -1 .5 4
3 .4 - 4 .4 5 0 .02* 2.23 1 .1 6 -4 .3
4 .4 6 -9 .3 5 0.65 1.18 0 .5 9 -2 .3 4
Homework difficulty 
N o Reference:
Sometimes 0.003** 3.48 1 .5 1 -8 .0 1
Yes 0 .008**tî 4.28 1 .4 6 -1 2 .5 6
Twist back
N o Reference:
0 - 1 0  minutes 0.1 1.56 0 .9 3 -2 .6 3
10 minutes + 0 .0 0 5 * * # 2.2 1 .2 8 -3 .8 1
Chair height 
Correct Reference:
D on’t know 0.08 1.63 0 .9 5 -2 .7 9
Too low 0.01* 1.99 1.14 - 3 .4 5
Too high 0 .5 5 # 0.66 0 .1 7 -2 .5 3
Headache
0 days Reference:
1 - 2  days 0.004** 2.92 1 .4 2 -6 .0
3 - 3 1  days o.ooo**tî 5.24 2 .6 1 -1 0 .5 1
Treatment for M SD’s o.ooo**tî 2.38 1 .5 1 -3 .7 3
Table 72. Summary of upper back pain and associated factors
Variable Last month Last week 1 day or more
Bag weight + (3.4-4.45) ++ (3.4-4.45)
Chair height + (low)
Backrest curve ++ (flat)
Desk height ++ (?+low)
Backrest position ++ (high)
Hyper * (border)
Emotion ++ (bor+abn)
Homework diffs ++ (any) ++ (any)
Headache + + (3-31) + + (3-31) ++ (any)
Twist back + (any) + + ( 10+)
Twist neck + ( 10+)
Treatment MSD ++ (yes)
++ = Strong (increased risk more than 2) 
* = Modest (decreased risk less than 1)
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4.6.7 Low back pain in the last month
Having lessons of more than one hour was associated with double the risk. Twisting the 
back 0-10 minutes during the lesson was associated with an increased risk of 50% and 
twisting the back more than 10 minutes during the lesson was associated with an 
increased risk of approximately 90%. Backrest position don’t know was associated with 
an increased risk of 80% and backrest position too low was associated with double the 
risk while backrest position too high was associated with a fivefold increase in the risk. 
Headache 3-31 days in the last month, stomachache 1-2 days in the last month and 
stomachache 3-31 days in the last month were all associated with more than double the 
risk. Older children had an increased risk of 30% and being involved in an accident had 
an increased risk of approximately 70% and having a family member with low back 
pain was associated with an increased risk of approximately 60% (table 73).
Table 73. Low back pain In the last month and associated factors
t  Gender $ Age Low back pain last month
Variable P - value Odds Ratio CI (95%)
Lesson length 
Less 1 hr Reference:
1 hour 0.29 1.3 0 .8 - 2.12
More 1 hr 0.01*1 2.16 1 .2 -3 .8 7
Twist back
N o Reference:
0 - 1 0  minutes 0.04* 1.53 1 .0 2 -2 .2 9
10 minutes + 0 .0 0 6 * * tî 1.86 1 .2 -2 .9 1
Backrest position 
Correct Reference:
D on’t know 0.007** 1.82 1 .1 8 - 2.79
Too low 0.000** 2.19 1 .4 2 -3 .3 7
Too high o .o o o * * tî 5.07 2.11 - 12.18
Headache
0 days Reference:
1 - 2  days 0.43 1.21 0.77 -  1.94
3 - 3 1  days o .o o o * * tî 2.35 1 .4 6 -3 .7 8
Stomachache '•
0 days Reference:
1 - 2  days 0 .000** 2 2 3 1 .4 4 -3 .4 4
3 - 3 1  days 0 .002* * t î 2.16 1 .3 4 -3 .4 8
Age 0 .0 0 4 * * tî 1.34 1 .1 -1 .6 4
Accident 0 .0 3 * tî 1.67 1 .0 4 -2 .6 9
Family with LBP 0.02* t î 1.56 1 .0 9 -2 .2 3
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4.6.8 Low back pain in the last week
High body mass index, over 19.58 was associated with an increased risk of 
approximately 80%. Backrest position don’t know was associated with an increased 
risk of 75% and backrest position too low was associated with approximately a 
threefold increase in risk. Headache 3-31 days in the last month and stomachache 3-31 
days in the last month were both associated with double the risk and stomachache 1-2 
days in the last month was associated with an increased risk of approximately 80% 
(table 74).
Table 74. Low back pain in the last week and associated factors
t  Gender t  Age Low back pain last week
Variable, P -  value Odds Ratio Cl (95%)
Body Mass Index
1 1 .1 1 -1 7 .7 1 Reference:
1 7 .7 2 -1 9 .5 7 0.87 1.04 0 .6 3 -1 .7 4
1 9 .5 8 -3 2 0.02* 1.79 1 .1 - 2 .9
Backrest position 
Correct Reference:
Don’t know 0.03* 1.75 1 .0 7 -2 .9
Too low 0.000** 2.83 1 .7 5 -4 .5 7
Too high 0 .2 7 t î 1.75 0 .6 5 - 4 .7
Headache
0 days Reference:
1 -  2 days 0.48 1.23 0.73 - 2 .1 8
3 - 3 1  days 0 .006**tî 2.21 1 .2 6 -3 .9
Stomachache
0 days Reference:
1 - 2  days 0.03* 1.78 1 .0 6 - 3
3 - 3 1  days 0.01* # 2.07 1 .1 9 -3 .6 2
4.6.9 Low back pain ever
Twisting the back for 0-10 minutes during the lesson was associated with an increased 
risk of approximately 60% and twisting the back for more than 10 minutes during the 
lesson was associated with an increased risk of approximately 90%. Backrest position 
too low, headache 1-2 days in the last month and an abnormal score on the Emotion 
questions were all associated with an increased risk of approximately 70% and 
headache 3-31 days in the last month was associated with approximately a threefold 
increase in the risk. Sore throat 1-2 days in the last month was associated with double 
the risk and sore throat 3-31 days in the last month was associated with an increased
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risk of approximately 80%. Again older children had an increased risk of 50% and 
having a family member with low back pain was associated with an increased risk of 
approximately 60%. Having a low back injury was associated with more than double 
the risk (table 75).
Table 75, Low back pain ever and associated factors
t  Gender f  Age Low back pain ever
Variable P -  value Odds Ratio Cl (95%)
Twist back
N o Reference;
0 - 1 0  minutes 0.03* 1.56 1 .0 8 -2 .3 1
10 minutes + 0 .006**tî 1.89 1 .2 -2 .9 8
Backrest position 
Correct Reference:
D on’t know 0.89 1.03 0 .7 4 - 1 .5 7
Too low 0 .01* 1.73 1 .1 2 -2 .6 9
Too high 0 .0 9 t î 2.22 0 .8 8 -5 .5 7
Emotion
Normal Reference:
Borderline 0.76 1.07 0 .7 - 1 .6 4
Abnormal 0 .02* # 1.65 1 .0 9 -2 .5 2
Headache
0 days Reference:
1 - 2  days 0 .01* 1.72 1 .1 2 -2 .6 5
3 - 3 1  days o.ooo**tî 2.81 1 .7 6 -4 .5
Sore throat
0 days Reference:
1 - 2  days 0 .001** 2.11 1 .35 - 3.3
3 - 3 1  days 0 .01* # 1.77 1 .1 3 -2 .7 6
A ge o.ooo**t 1.51 1 .2 4 -1 .8 3
Family with LBP 0.01* # 1.57 1.1 - 2.22
Low back injury o.ooo**tî 2.34 1 .5 3 -3 .5 9
4.6.10 Low back pain 1 day or more in the last month
Twisting the back for more than 10 minutes during the lesson was associated vrith an 
increased risk of approximately 90%. Chair height too low was associated with double 
the risk. Backrest position too high was associated with a fivefold increase in risk. 
Headache 3-31 days in the last month was associated with approximately a threefold 
increase in the risk. Having stomachache 1-2 days in the last month was associated with 
an increased risk of 80% and having stomachache 3-31 days in the last month was 
associated with double the risk. Having a previous accident involving any body part 
was associated with double the risk of low back pain (table 76).
173
Table 76. Low back pain 1 day or more in the last month and associated factors
t  Gender % Age Low back pain 1 day or more last month
Variable P -  value Odds Ratio Cl (95%)
Twist back
No Reference:
0 - 1 0  minutes 0.96 0.99 0 .6 1 -1 .5 9
10 minutes + 0 .01* # 1.86 1 .1 5 -3 .0
Chair height 
Correct Reference:
D on’t know 0.14 1.48 0 .8 8 -2 .5
Too low 0.005** 2.18 1 .2 6 -3 .7 7
Too high 0 .5 3 # 0.7 0 .2 2 -2 .1 7
Backrest position 
Correct Reference:
D on’t know 0.38 1.26 0.75 - 2 .1 4
Too low 0.25 1.35 0 .8 1 -2 .2 6
Too high o.ooo**tî 5.06 2 .0 6 -1 2 .4 1
Headache
0 days Reference:
1 - 2  days 0.34 1.33 0 .7 4 -2 .3 7
3 - 3 1  days 0 .001* * # 2.57 1 .4 6 -4 .5 1
Stomachache
0 days Reference:
1 - 2  days 0.03* 1.8 1 .0 7 -3 .0 2
3 - 3 1  days 0 .01* # 2.03 1 .1 7 -3 .5 2
Accident 0 .0 0 6 * * tî 2.05 1 .2 3 -3 .4 2
Table 77. Summary of low back pain and associated factors
Variable Last month Last week 1 day or more Ever
Lesson length ++(lhr+)
Age + (older) + (older)
BMI + (high)
Backrest position ++ (any) ++ (?+low) ++(high) + (low)
Chair height ++ (low)
Emotion + (abnormal)
Headache ++(3-31) ++(3-31) ++(3-31) ++ (any)
Stomach ache ++ (any) ++ (any) ++ (any)
Sore throat ++ (any)
Twist back + (any) + (10+) + (any)
Family LBP + (yes) + (yes)
Accident + (yes) ++ (yes)
Injury low back ++ (yes)
+ = Modest (increased risk more than 1) 
++ = Strong (increased risk more than 2)
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Chapter 5. Discussion of the results
The aims set out in chapter 1 of this thesis were: 1) to examine the existing literature to 
identify risk factors for low back pain amopgst schoolchildren. 2) to identify the 
relationship between ergonomics and other factors in the reporting of musculoskeletal 
pain by schoolchildren. The present study identified ergonomic factors that were 
associated with low back pain, neck pain and upper back pain. Various methods were 
used in an attempt to increase reliably and validity. The following chapter will consider 
the findings from the observations and the questionnaire responses in relation to 
previous literature.
5.1 Risk factors identified by PEO
The observations made using the PEO (Fransson-Hall et al 1995) system were 
compared to the symptom data from the questionnaire. Those children observed are a 
sub-sample of the total cohort. In the literature review by NIOSH (1997) strong 
evidence was found for a causal relationship between posture and neck pain and 
evidence found for a causal relationship between awkward posture and back pain. 
Schoberth (1962) found that people sitting upright had an average lumbar flexion of 
30°. Keegan (1953) suggested that even for a "healthy back 30° flexion in the lumbar 
spine is the maximum load the back can take for long periods.
In the sample who were observed using PEO the rates of neck and back pain were 
higher than those reported by Brattberg and Wickman (1992) but lower than those 
reported by Troussier et al (1994). This could be due to the different definitions of pain 
and time scales used in each study. The present study used any pain in the last week or 
month to examine the relationship with posture. The rates of children seeking treatment 
for these complaints were similar to the rates suggested by Turner et al (1989). 
Although the reporting of low back pain is frequent, more serious pain requiring 
medical treatment is much less common amongst this age group. It may also be 
important to report pain experienced at different sites. Wedderkopp et al (2001) 
suggested that the three spinal regions should be investigated as separate entities.
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Indeed, upper back pain and neck pain were common childhood complaints in this 
study.
In the PEO sample, children with high BMI were more likely to suffer from low back 
pain,_upper back pain and neck pain similar to the findings of Harreby et al (1999). 
This is contradictory to the findings of Nissinen et al (1994) who found BMI was not 
significantly associated with low back pain. The present questionnaire study had a high 
number of missing weight recordings therefore the association between high BMI and 
pain is inconclusive.
For approximately 25% of the time, children were sitting with trunk flexion of more than 
20° although there was considerable individual variation. Trunk and neck flexion was most 
evident when the children were working at their desks. Rotated postures occurred when 
they were talking to friends beside or behind them, and in unsupported postures when 
retrieving items from their bag on the floor. The lumbar support provided by the chair was 
rarely used by any of the children. The only way it could be used was if the children 
adopted an upright posture that resulted in the head being too far from the desk to see their 
work. There was also large variation in the amount of movement; some children moved 
continuously while others had very static postures. The significant association between 
long lesson length and low back pain reported in the previous month suggests that lessons 
over one hour are too long. The analysis of the associations between pain and sitting 
posture did not include the severity or duration of pain therefore posture may be associated 
with the onset of muscular discomfort of the low back. Detailed postural observations 
should be made of a larger sample in a longitudinal study to test for a causal relationship. 
Grieco (1986) suggests that workers should not sit for more than 4 hours per work shift and 
a general rule that there should be a postural pause for each 45-50 minutes worked. If this is 
the advice given to adults in work why does it not also apply to children in school?
High levels of trunk flexion more than 20° also increased the likelihood of reporting 
low back pain in the previous week. When children were working at the desk they 
adopted flexed postures. A high level of trunk flexion was associated with an increase 
in low back pain in the last week. This is unlikely to be due to prolonged disc 
compression. Overloading or under-loading of the disc can occur in prolonged fixed
178
postures, obstructing nutritional exchange and in the long term, promote the 
degeneration process of the disc. This is the case for the intervertébral discs at all levels 
of the spine (Grieco 1986). Such degeneration is rarely seen in childhood (McCulloch 
and Transfeldt 1997), they suggest that for children over ten low backache is due to 
poor posture or overuse with more serious conditions requiring medical diagnosis and 
treatment.
Collagen-fibre elasticity may also contribute to low back pain as suggested by Sanjevi 
(1982) and Bendix (1994). Slumped posture will tense the posteriorly positioned fibres. 
After long periods of sitting stability is slightly reduced, and the joints become stressed 
performing movements that would usually not cause harm.
Children observed sitting in static postures during lessons showed increased levels of 
upper back pain in the last month and neck pain in the last week. The mechanism to 
produce such pains could be due to non-maximal protracted isometric contractions 
especially in the paravertebral and cervical muscles and the shoulder girdle muscles as 
suggested by Grieco (1986), which are typical of fixed postures. However, static 
postures could be the result of pain already present.
The positive associations of pain with the PEO observations supports previous findings 
that static and awkward postures can increase MSD’s (NIOSH 1997). Therefore 
children should be given the same advice as adults in the workplace not to sit for long 
periods without a break. Magora (1972) suggested that low back pain reduced as 
postural variation increased; this seems to be the case even when sitting.
The current findings and previous studies (Mgndal 1981, Aagaard-Hensen and Storr- 
Paulsen 1994) suggest that children are sitting on unsuitable furniture where they sit in 
prolonged flexed postures to take part in normal lessons. The desk is too low or too 
high for many of the children. The chairs and desks used by this age group are designed 
to accommodate children of stature 1480-1620mm (BSI 5873). Approximately 51% of 
children who took part in this study were within the recommended stature. Twenty one 
percent were below the recommended stature and 27% were above the recommended
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stature this supports the previous findings of Parcells et al (1999) who found only 20% 
of children found acceptable chair/desk combinations. Forty eight percent of the study 
population would not find acceptable chair dimensions on one anthropometric 
dimension alone. The position of the desk surface resulted in children having to move 
towards their work by flexing the back and neck supporting previous findings by 
Mandai (1981). Troussier et al (1999) did not find a difference in back pain between 
children sitting on ergonomically designed furniture and those sitting on standard 
school furniture. However Troussier et al (1999) did not consider how individual 
children used the furniture.
Children have to sit for longer periods than adults in chairs that are much less 
comfortable than the chairs recommended for adult use.
5.2 Questionnaire
Prevalence rates for low back pain amongst schoolchildren in the literature vary by 
country for example, Finland 20%, England 26%, Canada 33%, US 36% and 
Switzerland 51% (Burton et al 1996). The inconsistent prevalence rates could be due to 
the definition of back pain and the time frames used in different studies. The current 
study used various pain categories. The analysis used the presence of any pain in the 
last month and last week and pain for 1 day or more in the last month. The University 
of Manchester study (Papageorgiou et al 1995, Watson et al 2002 and Watson et al In 
Press) proposed the latter category as a suitable definition of low back pain. The 
analysis using the definition of any pain was also included to examine associations 
between physical risk factors and discomfort.
180
5.2.1 Neck pain ^
In the current study approximately 49% of children reported neck pain in the last month 
and 23% in the last week. Mikkelsson et al (1997) found 40% of children had neck 
pain. Troussier et al (1994) found approximately 27% of children had cervical pain 
frequently or continuously on several occasions; this is the same percentage of children 
who experienced neck pain for 1 day or more in the last month in the current study. 
There have been a limited number of studies examining neck pain amongst children. 
Observations in this study showed that children adopt flexed neck postures in order that 
they can see their work on the desk surface. This study was limited by the difficulty of 
validating neck flexion measurements. The observations showed neck flexion occurred 
but the severity of the flexion was difficult to measure. The association between long­
term flexed neck postures and pain requires fiirther investigation. Neck extension was 
not measured in this study and prolonged exposure to neck extended posture may also 
contribute to neck pain.
5.2.2 Upper back pain '
In addition, the current study showed that approximately 30% of children reported 
upper back pain in the last month and 17% in the last week. Approximately 18% of 
children reported upper back pain for 1 day or more in the last month. Troussier et al
(1994) reported 34% of children with back pain at some time in the thoracic region. 
Harreby et al (1999) found 30% of children had upper back pain in the last year. Most 
studies did not report back pain for specific areas and therefore comparisons for the 
data on neck and upper back pain are limited. This study did not differentiate between 
thoracic and lumbar flexion therefore further research is required to examine prolonged 
flexed postures of areas of the spine and subsequent pain. In this study static posture 
was associated with neck and upper back pain. Further research is required to examine 
if this relationship is causal.
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5.2.3 Low back pain in the last month
In the current study, thirty six percent of children had low back pain in the last month. 
Similar levels of low back pain were reported by Salminen et al (1992a) with 39% of 
children reporting low back pain in the last month. Balague et al (1995) reported lower 
rates of 24% back pain in the last month.
5.2.4 Low back pain in the last week
Approximately 20% of children had low back pain in the last week. Krisjansdottir
(1995) reported similar levels to those found with approximately 21% of children 
experiencing weekly low back pain. Balague et al (1995) reported lower levels of 12% 
of children with back pain in the last week. The reason for different weekly prevalence 
rates is unclear but could be due to the methods used or attitudes and awareness of back 
pain. Children in this study had similar weekly prevalence to children in Switzerland. 
Children in Iceland had lower weekly rates of low back pain. Cultural differences 
require further investigation using the same methods.
5.2.5 Low back pain lasting 1 day or more in the last month
The current study found that approximately 22% of children had low back pain lasting 
one day or more in the last month. Manchester (Watson et al 2002) reported very 
similar results for low back pain: 1-month period prevalence was 24%. Most of the 
children in the current study with pain rated the pain (when at it’s worst) as medium 
lasting for a few days. Few children had more, serious long term pain for one week or 
more, these children may be of interest as they may become chronic back pain 
sufferers.
1 8 2
5.2.6 Low back pain “ever”
Approximately 55% of children reported having low back pain at some stage prior to 
the study. This supports the previous findings of Harreby et al (1999), Troussier et al 
(1994) and Burton et al (1996) who found levels of approximately 59% lifetime 
prevalence, 51% spinal pain at anytime and 50% lifetime prevalence at age 15+ 
respectively. Other studies found lower levels Balague et al (1994) found 34% of 
children had a history of at least one episode of low back pain and Olsen et al (1992) 
found 30% of children reported low back pain ever.
5.2.7 Medical attention
Approximately 27% of the study sample had received some form of medical treatment for 
MSD’s in the last month but only 2.4% for low back pain, 2% for neck pain and less than 
1% for upper back pain. There were also few children who had missed school due to neck 
pain, upper back pain or low back pain. This is much lower than the rates reported 
previously between 7% and 31% of children with low back pain had sought medical 
attention or 11% to 26% of the study cohort in other studies sought medical attention for 
low back pain. Most of the previous studies reported medical attention in the previous year. 
The low rates of children seeking medical attention in the last month are similar to the rates 
as suggested by Turner et al (1989). Children who had treatment for MSD’s reported more 
neck pain, upper back pain and low back pain regardless of the treatment area.
5.2.8 Family symptoms
Several studies examined the association between family history of low back pain and 
current low back pain (Salminen 1984, Balague et al 1994 and Brattberg 1994). In the 
current study 60% of children reported having a family member with low back pain. This 
increased the risk of reporting neck pain in the last month, low back pain in the last month 
and low back pain ever. In multivariate analysis there was a modest increase in risk for low 
back pain in the last month and low back pain for 1 day or more in the last month for those 
children who had a family member with low back pain. There was a similar modest 
increase in risk for low back pain ever for those children who had a family member with
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low back pain. Finally there was a modest increase in the risk for neck pain for children 
with a family member with low back pain in multivariate analysis. This supports the 
previous findings of Salminen (1984), Balague et al (1994) and Brattberg (1994) but 
increased risk for neck pain suggests that children may be influenced by pain reporting by 
family members rather than low back pain experience by family members.
5.2.9 Age
Previous research in relation to age has concentrated on low back pain but it may also be 
important to show musculoskeletal disorders in other areas, especially spinal pain such as 
the neck and upper back. This may show whether low back pain increases at this age or 
whether all MSD’s increase in this age group. This study has reported associations between 
risk factors and pain and further research is required to examine if there is a causal 
relationship between risk factors and pain. In univariate analysis there were significant 
increases in neck pain in the last week, low back pain in the last month and low back pain 
ever for older children. In multivariate analysis there were significant but modest increases 
in the risk for older children having low back pain in the last month and low back pain ever 
(approximately 30% and 50% respectively). There were significant increases for older 
children for both low back pain in the last month and low back pain ever. The findings 
reported here support the previous research. Low back pain in the last month increased 
from approximately 15% at age 11-12.75 to approximately 22% at age 12.76-15. There was 
a similar increase in low back pain ever from 22% at age 11-12.75 to 32% at age 12.76-15. 
The results are similar to those of Mierau et al (1989) who found an increase from 23% 
history of low back pain at age 6-13 to 33% history of low back pain at age 14-18. The 
modest increase in risk for older children having low back pain could be as a result of 
excessive stress and muscle tightness as a result of the growth spurt (Fairbank et al 1984, 
Mecheli 1979, Harvey and Turner 1991). Equally the increase in risk could be the result of 
cumulative load on the musculoskeletal system or a combination of the two.
5.2.10 Gender
There are contradictory findings in the literature with some authors reporting significant 
gender differences (Salminen 1984, Balague 1988, Mierau e/ al 1989, Salminen et al
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1992a, Brattberg 1994, Harreby et al 1999, Viry et al 1999, Grimmer and Williams 2000, 
Watson et al 2002). Other authors reported no gender differences (Fairbank et al 1984, 
Olsen et al 1992, Nissinen et al 1994, Harreby et al 1995, Krisjansdottir 1996, Taimela et 
al 1997, Kujala et al 1999, Wedderkopp et al 2001). There has been limited research on the 
different areas of the spine in relation to gender differences. The prevalence rates may not 
be different but rather the age when children start to report certain types of pain may differ 
by age. Leboeuf-Yde and Kyvik (1998) suggested that females report pain earlier and 
Fairbank et al (1984) suggested earlier maturity as the reason girls report pain at a younger 
age than boys do. Olsen et al (1992) suggested that the determinants for low back pain are 
similar in boys and girls. In univariate analysis there were no significant differences 
between males and females for low back pain or neck pain. There was a significant 
association between being female and having upper back pain in the last month (%^ = 5.18; 
df = 1 ; p < 0.023). In the present study there was no significant difference between males 
and females for upper back pain in multivariate analysis. Furthermore there was no 
difference in the level of low back pain between males and females. Although there was a 
trend for more females to report low back pain than males this was not statistically 
significant. This is similar to the findings of Leboeuf-Yde and Kyvik (1998) who also 
found a trend for more females to report low back pain. Salminen (1984) used the 
definition neck or back symptoms. Brattberg (1994) and Troussier et al (1994) used back 
pain. It may be that females have higher levels of upper back pain, which in some studies is 
reported as back pain without specific areas of the spine identified. It is clear that there are 
limitations in the comparisons of various studies as there are many different definitions of 
back pain used.
5.2.11 Psychological risk factors (strengths and difficulties)
Brattberg (1994), Balagué e/ a/ (1995) and Watson et al (2002) all found negative 
psychological factors (social, emotional and psychological factors) were associated 
with a larger number of reports of low back pain. There has been limited research into 
the role of psychological factors and the development of MSD’s although it has been 
suggested that pain is modulated by psychological factors (McCulloch and Transfeldt 
1997). The current study supports the previous findings. Psychological factors 
(emotional problems) were significantly associated with reporting pain at all three
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spinal areas although the association did not remain significant when the analysis used 
the presence of pain for 1 day or more in the last month. This may indicate a 
psychological modulation of pain at an early stage of the pain experience. A borderline 
score on the hyperactivity scale was significantly associated with fewer reports of upper 
back pain in the last month; this could be due to active children achieving higher scores 
on this scale and increased activity may decrease upper back pain. The findings suggest 
it is important to consider psychological factors when investigating MSD’s in children.
The following adaptation of the Glasgow illness model is suggested ag a possible model 
to represent the development of non-organic musculoskeletal symptoms in school 
children (figure 24). Changes have been made to reflect the results of this study. At the 
center, ‘physical problem’ has been changed to ‘physical load’ (children report pain but 
a physical problem may not be evident). ‘Distress’ has been changed to ‘emotional 
distress’ (emotional difficulties were associated with pain). ‘Illness behaviour’ has been 
changed to ‘family and history’ (previous history and family experience of pain were 
both associated with increased pain). ‘Sick role’ has been changed to ‘MSD symptoms’ 
(children report musculoskeletal pain but few take time off school or visit medical 
services as a result of the pain).
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MSD symptoms ,
Family & history
Emotional distress
Physical load
Figure 24. Schoolchildren MSD model 
5.2.12 Anthropometric risk factors
Height was the only anthropometric dimension considered in the current study. There was 
no difference in height for those children with neck pain, upper back pain or low back pain. 
The literature on anthropometric data is limited in epidemiological studies possibly due to 
time limiting factors (i.e. taking anthropometric measurements). Salminen et al (1992b) 
found an interaction between low back pain and sex with respect to height. Two studies 
considered sitting height to be a risk factor for back pain (Fairbank ef al 1984 and Nissinen 
1994). Nissinen (1994) suggested that the role of anthropometric characteristics in the 
development of low back pain was modest. Height was not associated with an increase in 
any area of spinal pain in this study.
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5.2.13 Sociodemographic differences
There is very limited research into sociodemographic differences in pain reporting. Olsen et 
al (1992) found that black teenagers had considerably higher rates of low back pain than 
white teenagers. The current study used school performance as a measure of possible 
sociodemographic differences. There was no significant association between school 
performance rated as high, medium and low and any of the pain categories. No previous 
studies have considered school performance in relation to MSD’s in children it is therefore 
difficult to draw any conclusions from the current findings. Watson et a/ (2002) found no 
difference in prevalence between state and independent schools.
5.2.14 Activity related risk factors
Studies have shown conflicting results in relation to sporting activities and low back 
pain. Some forms of sport may increase episodes of low back pain especially if played 
at irregular intervals (Salminen et al 1992a). Playing too much sport may also lead to 
an increase in low back pain (Burton et al 1996, Harreby et al 1999. Grimmer and 
Williams (2000) found younger children who participated in more sport had higher 
levels of low back pain. In the current study, children who played sport for more than 2 
hours and 45 minutes in school had a significantly lower reports of low back pain in the 
last month and last week. The amount of sport played was not a significant risk for low 
back pain in multivariate analysis. The time and place of the study may influence 
participation in sport. For example, if the football season has started, children may play 
more sport. In the present study football was the most popular sport whereas other types 
of sport such as volleyball, which may increase the risk, were not common. The results 
of the univariate analysis suggest that more exercise may be beneficial in reducing low 
back pain. In the current study the majority of children participated in some form of 
sporting activity sport in school and after school. A high level of sport played in school 
over 2.76 hours per day was associated with a decrease in the risk for low back pain in 
the last month and week. Sport played outside school between 1.4-3 hours per day was 
associated with an increased risk of low back pain ever similar to the findings of 
Harreby et al (1999). None of these variables were significant in the multivariate
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analysis. Football was the most popular sport (24% of children play). Football and 
taking part in competitive sport were not significantly associated with low back pain. It 
may benefit children to take part in sport especially in school where there is likely to be 
controls on warm up and stretching before and after sport as suggested by Klenerman 
(1994). Sport played outside school time may not always have such guidance.
5.2.15 Part-time work
Harreby et al (1999) suggested that children who engaged in heavy work reported more 
low back pain. Krisjansdottir (1996) suggested that children living in rural areas could have 
higher participation in the workforce (i.e. farm labour) and therefore higher rates of weekly 
back pain. Children in the present study who had a part time job reported a modest increase 
of neck and back pain. The most popular job was a paper round, which would involve 
lifting and carrying heavy weights. The other jobs had small numbers of participants. 
Having a part time job was not significantly associated with low back pain in the last month 
or week but was significantly associated with low back pain ever in the univariate analysis. 
Having a part time job was also associated with neck pain in the last month, last week and 
upper back pain in the last month. In multivariate analysis the only significant association 
was between having a part time job and neck pain in the last month. This could be due to 
lifting and carrying heavy weights during paper rounds and the weight on one shoulder and 
the resulting strain on the neck and shoulder muscles. Children who have part time jobs 
delivering papers carry much heavier weights than children carrying schoolbags. This type 
of part time work involving load carriage requires further investigation as a possible risk to 
children’s musculoskeletal health.
5.2.16 Time spent watching television
Studies that looked at the amount of television watched as a risk factor found that children 
who watched more television (Balagué et al 1988, Troussier et al 1994, Balagué et al 1994) 
reported more back pain. Few studies considered watching television as a risk for low back 
pain; this could be due to the difficulties in validating questions on television watching 
habits. Balagué et al (1994) suggested that an increase in low back pain could be the result 
of less activity in general. In the current study there was no increase in reporting upper
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back pain or low back pain for children who watched more television. The significant 
association with neck pain in the last month was modest and did not remain significant 
after multivariate analysis. The average time spent watching television was approximately
2.5 hours on a school night and the average time spent playing computer games was around 
50 minutes on a school night. The results are similar to those of Balagué et al (1995) who 
found no significant increase in low back pain for children who watched more television 
after multivariate analysis. Harreby et al (1999) and Watson et al (2002 In Press) found no 
increase in risk for low back pain for children with more sedentary activity (TV and 
computer games). In this study there was a modest significant association for watching TV 
for more than 2 hours and neck pain in the last month an increase of approximately 40% in 
risk but this was not significant in multivariate analysis. Also in the current study playing 
computer games was not significantly associated with any of the pain categories.
5.2.17 Seating
Studies have found that sitting on the front edge of the seat (Viry et al 1999) and sitting for 
long periods after school (Grimmer and Williams 2000) reported more low back pain. 
Sitting has also been shown to be an unpleasant activity when children had low back pain 
(Troussier et al 1994). The current study included a more detailed look at sitting behaviour 
than previous studies. Self reported sitting behaviour was recorded as the perception of 
sitting and the chair feature checklist was used to examine the children’s attitude to the 
furniture rather than actual sitting behaviour.
5.2.18 Sitting self-report
The self-reporting of sitting posture was not a valid measure compared to the reference 
observations and therefore must be considered as a measure of thé perception the 
children had of the way they were sitting. Self-reported responses to questions on 
sitting posture should not be used as a measure of actual sitting posture. Children who 
reported having to twist their back during lessons had a significant increase in the risk 
for upper back pain and low back pain. Children who reported having to twist their 
neck during lessons had a significant increase in the risk for upper back pain. These 
associations could be due to children being more aware of movement when suffering
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from pain. The current findings support the findings of Troussier et al (1994) that 
sitting posture was unpleasant for schoolchildren with back pain.
5.2.19 Chair feature checklist
Items on the chair feature checklist concerning chair and desk height and backrest 
features remained significant after multivariate analysis for neck pain, upper back pain 
and low back pain. Riihimâki (1991) suggested that the growing spine is vulnerable to 
the effects of prolonged poor posture caused in part by school furniture. The current 
findings suggest that children are sitting in prolonged flexed postures on unsuitable 
furniture to take part in normal lessons. The desk is too low or too high for many of the 
children. The number of children whose stature was above or below the recommended 
stature for their chairs was similar to the number of children outside the recommended 
stature in the PEO sample as reported earlier. The chairs and desks used by this age 
group are designed to accommodate children of stature 1480-1620mm (BSI 5873). 
Approximately 56% of children who took part in this study were within the 
recommended stature; 13% were below and 31% were above. The position of the desk 
surface resulted in children having to move towards their work by flexing the back and 
neck. Children are reporting features of their chairs which are associated with increased 
levels of pain. Further research is required to examine a possible causal relationship 
between school furniture and the development of musculoskeletal pain.
5.2.20 Time spent sitting
Magora (1972) found that sitting for more than 4 hours a day increased low back pain. 
Grieco (1986) suggested that there should be a rest break for every 45-50 minutes worked. 
No previous studies have looked at the length of time spent sitting in school and associated 
MSD’s. In this study children with lessons lasting for more than 1 hour had a significant 
increase in risk for low back pain in the last month in multivariate analysis. There are no 
guidelines on how long individual lessons should last.
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5.2.21 Load carrying by schoolchildren
The bag weights (approximately 3 kg) carried by children in this study were much 
lower than reported in previous studies (Negrini et al 1999, Viry et al 1999). The 
weight of schoolbags was not associated with low back pain in the present study. Hong 
et al (2000) found no significant difference in oxygen uptake between children carrying 
10% of their bodyweight and no load. In this study approximately 80% of children had 
school bags weighing 10% or less of their bodyweight. There has been a recent 
emphasis in the literature on load carriage amongst children (Negrini et al 1999, Viry et 
al 1999). The current study found no increase in risk for low back pain for children 
carrying more than 10% of their bodyweight in their schoolbag. There was an increased 
risk for children who carried their bag in one hand or on one shoulder but this was not 
significant in multivariate analysis. Bag weight between 3.4kg - 4.45kg was associated 
with a significant increase in risk for upper back pain in the last month and upper back 
pain of 1 day or more in the last month but heavier bags did not increase the risk. The 
weights of the school bags in this study were not as heavy as in previous studies and it 
is difficult to compare the data. Eighty percent of children were carrying 10% or less of 
their bodyweight and such weights are unlikely to do serious or lasting damage. 
Although lockers were available to 77% of children only 44% actually used them. 
Many stated that the lockers were too small for proper use.
5.2.22 Travel
Grimmer and Williams (2000) suggested that children who had longer distances to walk to 
school had higher levels of low back pain. In the current study children who walked to 
school did not have .higher levels of pain in any body area and it is reasonable to assume 
that children who walked to school carried their schoolbags for longer periods than children 
driven to school by car. Most children were driven to school by car (41%) with only 29% 
walking to school the whole way. Increased driving has been shown to increase the risk of 
low back pain in adults (Porter 1999). High levels of transport by car not only reduces 
activity levels but may also expose children to risks associated with driving increasing
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sitting posture and exposure to vibration with the potential to increase future episodes of 
low back pain.
5.2.23 School work
No studies have considered children’s perception or performance of schoolwork as a 
risk factor for MSD’s. The literature on adults has shown that psychosocial risk factors 
increase the prevalence of MSD’s (Bongers et al 1993, Bernard et al 1994, Eklund 
1996, Devereux et al 1999). Children who had difficulties with their homework had 
increased levels of neck and upper back pain but not low back pain. The increase in risk 
remained significant for upper back pain in the last month and upper back pain 1 day or 
more in the last month in multivariate analysis. This could be an indication of problems 
at home where children do not receive help and support with school work from parents. 
Children spent surprisingly little time working on computers in school, usually one 
lesson per week.
5.2.24 Common childhood complaints
Harreby et al (1999) found pain in the low back was associated with headache in 38.3% 
of pupils and abdominal pain in 25.9% of pupils. Brattberg (1994) reported that 48% of 
pupils answered yes to the question “ do you often have headache or pain in your 
neck?” In a review by Campo and Fritsch (1994) it was suggested that headache was the 
most common painful somatic symptom with 10-30% of community samples of 
children and adolescents reporting frequent or weekly occurring headaches. Similarly 
recurrent abdominal pain was reported by 10-25% of school age children and 
adolescents. Some children may report pain at multiple sites. Children who reported 
increased levels of headache also reported increased levels of musculoskeletal pain. 
Further investigation is needed to explore the relationship between common childhood 
complaints and musculoskeletal disorders. There may be a sub-group of children who 
report more pain of any nature, i.e. the ‘painful person’.
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5.3 Discussion Multivariate analysis
The following section discusses the multivariate analysis in more detail looking at the 
three regions of the spine and associated variables separately.
5.3.1 Variables associated with neck pain
There were very high rates of neck pain amongst the children who took part in the 
study. Almost 50% experienced neck pain in the last month. All of the variables 
associated with neck pain in the last month in the multivariate analysis were self- 
reported variables. Backrest curve being too flat and having a part time job were 
physical risk factors but were self-reported responses. The positive association between 
negative responses to chair features may reflect the attitude the children had to the 
furniture. The backrest was rarely used. Indeed it was observed that it would have been 
very difficult for children to use the backrest while working at the desk. A borderline 
score on the emotion questions was associated with a significant increase in neck pain 
but an abnormal score was not. Children who reported headaches and sore throats in the 
last month also had more neck pain in the last month. This could be an indication of 
psychosomatic or psychogenic pain reporting. Having a part time job also modestly 
increased neck pain in the last month this could be due to the type of job. The most 
common job was a paper round that involved heavy lifting and carrying on one 
shoulder.
Fewer variables were retained after the multivariate analysis for neck pain in the last 
week. ‘Desk height too low’ could be directly related to the amount of time spent with 
the neck flexed while working at the desk leading to fatigue and pain in the neck 
muscles. An abnormal score on the Conduct questions was also associated with an 
increased risk of neck pain in the last week These children may be more aggressive and 
angry leading to more pain reporting although it is unclear why aggressive children 
should report more neck pain. Headache was also significantly associated with neck 
pain in the last week.
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Reporting that the chair was too low was associated with a significant increase in neck 
pain 1 day or more in the last month. Headache was also significantly associated with 
neck pain as was having treatment for a previous musculoskeletal disorder. Having 
family with low back pain was associated with a modest increase in the risk for neck 
pain for 1 day or more in the last month.
In summary neck pain was associated with static posture, inappropriate school 
furniture, emotional and conduct problems, family history of low back pain and 
previous treatment for musculoskeletal disorders. Increased neck flexion and static 
postures due to unsuitable school desks and chairs may lead to muscular discomfort. 
Pain reporting is associated with emotional and conduct problems and familial 
influence, which could also influence care seeking behaviour and other common 
complaints.
5.3.2 Variables associated with upper back pain
Children with a bag weight of between 3.4 and 4.45 kg reported a modest increase in 
upper back pain in the last month. Surprisingly those with even heavier bags did not 
report more pain. Children who reported that they sometimes or did have difficulties 
with their homework reported more upper back pain. This could be a psychosocial risk 
factor amongst children who feel that they have difficulties working at home and may 
lack sufficient support from teachers and parents. Self-reported posture variables ‘twist 
back’ and ‘twist neck’ were both associated with modest increases in upper back pain. 
This must be considered as an association between the perception the children have of 
the way they sit and upper back pain. Children who suffered from pain may have been 
more aware of movement and believed they were moving more due to the presence of 
pain. ‘Backrest position too high’ was also significantly associated with upper back 
pain. This may be a result of feelings of dissatisfaction and discomfort due to school 
chairs and unsuitable sitting posture. The positive association of ‘Desk height don’t 
know’ and ‘desk height too low’ and increased upper back pain may be the result of 
children adopting poor postures while working at the desk vrith flexed neck and upper 
back postures, leading to fatigue and muscle pain.
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Children who achieved a borderline score on the Hyperactivity questions may not stay 
still for long; those who move around and fidget may report less pain due to less time 
spent in static postures. This supports the findings of the observations using PEO. The 
increase in upper back pain associated vrith borderline and abnormal scores on the 
Emotion questions could be an indication of psychosomatic or psychogenic pain. This 
may be similar for the increase in upper back pain for those who reported more 
headaches.
Again fewer variables were retained in the multivariate analysis for upper back pain in 
the last week. ‘Backrest curve too flat’ was significant and again could be due to either 
dissatisfaction with school chairs or the lack of use of the backrest caused by forward 
flexed postures and the inability to use the backrest when working. Children who 
reported more headaches also reported more upper back pain in the last week.
Having a schoolbag weight between 3.4-4.45kg was associated vrith a significant 
increase in risk for upper back pain for 1 day or more in the last month. There was a 
modest increase in risk for upper back pain for 1 day or more in the last month for 
children who reported that their chair height was too low. Children who sometimes or 
did have difficulties with their homework reported more upper back pain and again this 
could be a lack of sufficient support firom teachers and parents. ‘Headache in the last 
month’ was again associated with upper back pain as was reporting ‘twisting the back 
during lessons’. Finally, children who had had treatment for a MSD reported more 
upper back pain 1 day or more in the last month.
In summary, upper back pain was associated with static posture, school bag weight, 
inappropriate school furniture, emotional problems and previous treatment for 
musculoskeletal disorders. A borderline score on the hyperactivity scale was associated 
with a decrease in upper back pain. Increased trunk flexion and static postures due to 
unsuitable school desks and chairs may lead to muscular discomfort. Pain reporting is 
also associated with emotional problems and common childhood complaints which may 
increase care seeking behaviour. It may also be the case that increased levels of 
movement is protective against upper back pain.
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5.3.3 Variables associated with low back pain
Children who had lessons lasting for more than 1 hour reported more low back pain in 
the last month than children with shorter lessons. Long periods of time spent sitting 
may be harmful to children of this age. There are currently no guidelines concerning the 
length of individual lesson times (personal communication from Government Standards 
Unit). Reporting ‘twisting the back during lessons’ was associated with a modest 
increase in low back pain and again it could be that children in pain are more aware of 
movement or the perception that the two are linked. ‘Backrest position don’t know’, 
‘too low’ and ‘too high’ were all significantly associated with low back pain in the last 
month. Children may have a negative view of their chairs due to discomfort and the 
backrest appears to be redundant most of the time. Headache and stomachache were 
associated with low back pain. Older children also had a modest increase in risk for low 
back pain. There was a modest increase in risk for children who had been involved in 
an accident. Having â family member with low back pain also modestly increased 
reporting of low back pain.
As with upper back pain fewer variables were significantly associated with low back 
pain in the last week. High body mass index was significantly associated with a modest 
increase in low back pain and could be the result of less physical activity or added 
strain on the musculoskeletal system. ‘Backrest position don’t know’ and ‘too low’ 
were both associated with increased low back pain in the last week and again this could 
be a result of dissatisfaction and discomfort due to school chairs and the lack of a 
suitable backrest. Headache and stomachache were significantly associated with low 
back pain in the last week indicating a relationship between all types of pain reporting.
Self report of ‘twisting the back for 0-10 minutes’ and ‘twisting the back more than 10 
minutes’ during the lesson were associated with a modest increase in risk for low back 
pain ever. This could once again be due to children being aware of movement due to 
pain. There was a modest increase in risk for children reporting that their backrest 
position was too low. An abnormal score on the emotion questions was associated with 
a modest increase in risk. Headache and sore throat were significantly associated with
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low back pain and again could indicate psychosomatic or psychogenic pain reporting. 
There was a modest increase in risk for older children and having a family member 
with low back pain. A previous low back pain injury was also significantly associated 
with low back pain.
Twisting the back during lessons was associated vrith a modest increase in risk for low 
back pain 1 day or more in the last month. ‘Backrest position too high’ and ‘chair 
height too low’ were both associated with a significant increase in risk for low back 
pain 1 day or more in the last month. Headache and stomachache were both associated 
with a significant increase in risk. Finally having had a previous accident was 
associated with a significant increase in risk for low back pain for 1 day or more in the 
last month.
In summary, low back pain was associated with long lessons, flexed posture, school 
furniture, emotional problems, family history and previous injury or accident. Increased 
trunk flexion due to unsuitable school desks and chairs may lead to muscular 
discomfort. Pain reporting is also associated with emotional problems and familial 
influence and possible previous pain.
5.4 Limitations of the study
The lack of a validated questiormaire to measure postural variables in a large sample 
has limited the usefulness of this study. Postural measurements in a prospective study 
are needed to examine the relationship between posture and musculoskeletal pain. The 
variability of posture in schoolchildren makes this difficult. The associations between 
risk factors and pain found in the present study cannot be said to be causal as the 
postures and responses by children may be the result of pain rather than the cause of 
pain. It is difficult to explain why pain in different areas of the spine would result in 
different postures. Less movement due to pain present for upper back pain would also 
be present for the low back but this was not the case.
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As each child was observed during one lesson it maybe useful to measure a group of 
children to see if one lesson is representative of posture in general. This was not 
assessed due to lack of time. This would not be suitable for a large group but it would 
be possible with the group size used for the PEO observations in this study. If children 
adopt similar postures over longer periods, a longitudinal study may show a causal 
relationship between poor posture or static posture and MSD’s amongst children. The 
children sitting in the best position (1.5-2 metres from the observer) were recorded 
using PEO therefore there was the potential for bias. The children were usually sitting 
near the back of the classroom and this may have changed their posture, they may have 
leaned forward more to listen to the teacher. The observer did not know the pain status 
of the children observed using PEO.
The information collected by questionnaire could include some bias due to the lack of 
quality control on retrospective data, particularly on exposure data. The information 
could also lack information on all possible confounding variables. Finally the use of a 
cross-sectional design does not provide information on change to exposure (Silman 
1995).
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Chapter 6. Conclusions and recommendations
The large numbers of statistical tests carried out complicates the findings of this 
research. This was due to the number of variables considered and as the result of each 
area of pain being compared to the variables separately. This study used the presence of 
pain in different areas regardless of the severity or duration of pain. This strategy was 
used to examine if associations existed between risk factors in schools and pain in 
different body locations, which could indicate earlier onset of pain in the classroom and 
identify possible physical risk factors in schools. A further definition was used in this 
study low back pain (in a specific area identified on a pain drawing) lasting one day or 
more. This definition was also used for neck and upper back pain. The same definition 
was used by the University of Manchester (Papageorgiou et al 1995, Watson et al 2002 
and Watson et al In Press) to examine existing pain. It may clarify the findings to 
briefly summarize the main findings for each of the three body areas used in the 
analysis. The follovring section states the main findings and then discusses the 
implications of the research.
6.1 Neck pain in the last month
Children who reported that their backrest curve was too flat and those vrith a borderline 
score on the Emotion questions, compared to the reference measures, reported double 
the amount of neck pain in the last month. Having an abnormal score on the Emotion 
questions was associated with a modest increase in the reporting of neck pain (40%). 
Having a headache 1-2 days in the last month was associated with an increased of 
approximately 60% and headache 3-31 days in the last month was the strongest 
association with more than a double increase in self-reported neck pain in the last 
month. Having a sore throat for 1-2 days was associated with an increased of 
approximately 90% and having a sore throat for 3-31 days in the last month was 
associated with an increase of self-reported neck pain of approximately 60%. Having a 
part time job was associated with an increase of 60% for self-reported neck pain in the 
last month.
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6.2 Neck pain in the last week
Reporting that the desk height was too low, an abnormal score on the Conduct 
questions and having a headache for 3-31 days in the last month, all compared to the 
reference measures, were associated with more than double the risk for self-reported 
neck pain in the last week.
6.3 Neck pain 1 day or more in the last month
Children with a chair height that was too low reported double the amount of neck pain 
1 day or more in the last month. Also, having a headache for 1-2 days in the last month 
was associated with more than double the reporting and headache 3-31 days in the last 
month was the strongest association with more than a threefold increase in self-reported 
neck pain lasting 1 day or more in the last month. Having a family member with low 
back pain was associated with an increase in self-reported neck pain lasting 1 day or 
more in the last month of approximately 60% and having had treatment for a 
musculoskeletal disorder in the last month was associated with double the amount of 
self-reported neck pain lasting 1 day or more in the last month.
6.4 Upper back pain in the last month
Having a school bag weight of between 3.4 and 4.45 kgs on the day of the study was 
associated with increase in self-reported upper back pain in the last month of 80%. 
Those children who sometimes experienced difficulties with their homework reported 
more than double the amount and those who did experience difficulties reported a 
threefold increase of upper back pain in the last month. Twisting the back for 0-10 
minutes during the lesson was associated with an increase in reporting of 80% and 
twisting the back for more than 10 minutes during the lesson was associated with an 
increase of 50% for self-reported upper back pain in the last month. Children twisting 
their neck for more than 10 minutes during the lesson reported 85% more upper back 
pain. Having a backrest position that was too high was associated with approximately a
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threefold increase in self-reported upper back pain and desk height, don’t know was 
associated with more than double the amount of upper back pain while desk height too 
low was associated with an increase of 80% self-reported upper back pain in the last 
month. A borderline score on the hyper questions was associated with a decreased in 
reporting upper back pain of 40% and a borderline score on the Emotion questions was 
associated with an increased amount of self-reported upper back pain of 80%. 
Obtaining an abnormal score on the Emotion questions and having a headache for 3-31 
days in the last month were both associated with more than double the level of self- 
reported upper back pain in the last month.
6.5 Upper back pain in the last week
Only two variables were retained in the multivariate analysis, reporting that the 
backrest was too flat was associated with more than double the level of self-reported 
upper back pain in the last week and headache 3-31 days in the last month was 
associated with more than a threefold increase in self-reported upper back pain in the 
last week.
6.6 Upper back pain 1 day or more in the last month
Having a bag weight of between 3.4 and 4.45 kg on the day of the study was associated 
with double the amount of reporting upper back pain lasting 1 day or more in the last 
month. Sometimes experiencing difficulties with homework was associated with more 
than a threefold increase in the reporting upper back pain and experiencing difficulties 
with homework was associated with more than a fourfold increase in self-reported 
upper back pain lasting 1 day or more in the last month. Twisting the back for more 
than 10 minutes during the lesson was associated with double the amount of self- 
reported upper back pain. Chair height too low was associated with double the level of 
self-reported upper back pain. Having a headache for 1-2 days in the last month was 
associated with approximately a threefold increase in self-reported upper back pain and 
having a headache for 3-31 days in the last month had the strongest association with 
approximately a fivefold increase in self-reported upper back pain. Having previous
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treatment for a musculoskeletal disorder was associated with more than double the 
levels of self-reported upper back pain lasting 1 day or more in the last month.
6.7 Low back pain in the last month
Having a lesson length of more than one hour was associated with double the self- 
reported low back pain in the last month. Twisting the back 0-10 minutes during the 
lesson was associated with an increased reporting of low back pain in the last month of 
50% and twisting the back more than 10 minutes during the lesson was associated with 
an increased reporting of approximately 90%. Backrest position don’t know was 
associated with an increase in self-reported low back pain in the last month of 80%, 
backrest position too low was associated vrith double the reporting while backrest 
position too high had the strongest association with a fivefold increase in self-reported 
low back pain. Having a headache for 3-31 days in the last month, having a stomach 
ache for 1-2 days in the last month and having a stomach ache for 3-31 days in the last 
month were all associated with more than double the self-reported low back pain in the 
last month. Older children had an increase in self-reported low back pain in the last 
month of 30% and being involved in an accident was associated with an increase in 
self-reported low back pain in the last month of approximately 70%. Having a family 
member with low back pain was associated vrith an increase in self-reported low back 
pain in the last month of approximately 60%.
6.8 Low back pain in the last week
High body mass index, over 19.58, was associated with an increase of self-reported low 
back pain in the last week of approximately 80%. Backrest position don’t know was 
associated with an increase in reporting of 75% and backrest position too low was the 
strongest association with approximately a threefold increase in self-reported low back 
pain in the last week. Having a headache for 3-31 days in the last month and having a 
stomach ache for 3-31 days in the last month were both associated with double self- 
reported low back pain and having stomach ache for 1-2 days in the last month was
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associated with an increase of self-reported low back pain in the last week of 
approximately 80%.
6.9 Low back pain 1 day or more in the last month
Twisting the back for more than 10 minutes during the lesson was associated with an 
increase in self-reported low back pain lasting 1 day or more in the last month of 
approximately 90%. Chair height too low was associated with double the reporting of 
low back pain. Backrest position too high was the strongest association with a fivefold 
increase in self-reported low back pain lasting 1 day or more in the last month. Having 
a headache for 3-31 days in the last month was associated with approximately a 
threefold increase in self-reported low back pain. Having a stomach ache for 1-2 days 
in the last month was associated with an increased reporting of 80% and having a 
stomach ache for 3-31 days in the last month was associated with double the self- 
reported low back pain. Having had a previous accident involving any body part was 
associated with double the level of self-reported low back pain lasting 1 day or more in 
the last month.
6.10 Low back pain ever
Tvristing the back for 0-10 minutes during the lesson was associated with an increase in 
self-reported low back pain ever of approximately 60% and twisting the back for more 
than 10 minutes during the lesson was associated with an increase in reporting of 
approximately 90%. Backrest position too low, having a headache for 1-2 days in the 
last month and an abnormal score on the Emotion questions were all associated vrith an 
increase in reporting of approximately 70% and headache 3-31 days in the last month 
was the strongest association with approximately a threefold increase in self-reported 
low back pain ever. Having a sore throat for 1-2 days in the last month was associated 
with double the self-reported low back pain and having a sore throat for 3-31 days in 
the last month was associated with an increased reporting of approximately 80%. Older 
children reported 50% more low back pain ever and having a family member with low 
back pain was associated with an increased reporting of approximately 60%. Having a
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low back injury was associated with more than double the level of self-reported low 
back pain ever.
The most consistent associations were found between the three areas of pain neck pain, 
upper back pain, low back pain and common childhood complaints, especially 
headaches. Also, strong associations were found between upper back pain and low back 
pain and chair features, measured by the chair feature checklist. The most consistent of 
these associations was found for the backrest of the chair being either too low or too 
high. In the sub-sample of children who were observed during lessons the children who 
sat with flexed trunk postures reported more low back pain and children who sat with 
static postures reported more neck and upper back pain. These findings indicate that 
children are reporting MSD’s in association with common childhood complaints, 
therefore this relationship requires further examination. Also, the results indicate there 
may be a relationship between school furniture and children’s pain. This also requires 
further examination with the understanding that individual children use school furniture 
in very different ways.
6.11 Load carriage
Load carriage of schoolbags has featured in recent research (Viry et al 1999, Grimmer and 
Williams 2000) showing associations between schoolbag weight or carriage and low back 
pain. This study reports findings similar to those of the University of Manchester (Watson 
et al 2002 In Press). The current study suggested that medium weight schoolbags increased 
upper back pain but heavier bags did not. The children who carried the heaviest schoolbags 
were mostly from the top performing schools; this may have diminished the effect of 
carrying heavy loads although it is unclear why this may have diminished the effect. 
Approximately 20% of children carried bags heavier than 4.45kg. Seventy percent of these 
children carrying heavy bags were from the highest performing schools. Twenty percent 
were from medium performing schools and 10% from the lowest performing schools. 
Children who have part time jobs may have additional exposure as a direct result of their 
job. This was associated with increased neck pain but not increased low back pain. The 
increase in discomfort and pain may be the short-term effect of the physical risk factors in
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schools but this could eventually lead to the onset of real disease due to alterations of the 
soft tissues in the long term (Grieco 1986).
6.12 Posture
The use of a questionnaire to measure posture has been shovm in this study to be 
unreliable. There was a large variation in posture and amount of movement amongst 
children during lessons, which may be the reason for poor recall of posture during 
lessons. More direct methods were required to measure posture. The current study also 
showed that the parameters measured by the PEO method may not all be required for 
future research. The measurement of trunk flexion > 20° (number of movements and 
percentage of time spent in the posture) may be the most important measurement as this 
was the most common posture adopted during lessons. If this could be measured in a 
larger sample, it may be possible to examine in a longitudinal study if poor posture in 
school is causal in relation to MSD’s. It may be possible to measure activity overall as 
activity monitors are available that record information over long periods. The previous 
research has considered furniture as a separate issue from posture. The current research 
shows that the two cannot be separated as children use school furniture in very different 
ways.
6.13 Physical risk factors
Physical factors seem to play an important role in the development of children’s pain. 
Prolonged periods of sitting may increase pain in schoolchildren. This study suggests that 
school furniture may contribute to muscular pain in schoolchildren. They have to adopt 
flexed or static postures for prolonged periods increasing muscular fatigue in the neck and 
back. Chair height was significantly associated with pain at all three spinal areas suggesting 
that children have problems with the height of school chairs. Children who answered that 
their chair height was ‘correct’, ‘don’t know’ or ‘too high’ had a mean height of 
approximately 157cms, whereas children who answered that their chair height was too low 
were significantly taller, approximately 162cms (p < 0.01). Height was not a significant 
risk factor for increased levels of pain in isolation but when combined with the interaction
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between school furniture and individual postural behaviour, it may increase the risk for 
some children. The observational study showed that children rarely used the backrest of the 
chair; this feature of school chairs is basically redundant offering no lumbar support or 
comfort to children.
6.14 Psychological risk factors
The psychological models discussed in the literature review have the potential to 
change levels of pain reporting. Psychological factors, especially emotional problems, 
may lead to children reporting elevated levels of neck and back pain and other common 
childhood complaints. Learning, social learning or modelling, operant conditioning and 
classical or respondent conditioning all potentially play a role. If coping skills are 
deficient, emotional difficulties may be transformed into pain experiences and the 
ability to manage pain may decrease (Edwards et al 1985).
The role of expectations and other contributing factors (i.e. parental role modelling of 
recurrent pain behaviour, parental depression) may lead to some children becoming 
depressed, anxious and preoccupied with somatic complaints. Regardless of the initial 
events that precipitated the pain, a pattern of recurrent pain experience and pain 
behaviours with their own set of reinforcers emerges. Thus, undimensional therapies 
may be insufficient to dramatically reduce pain worries and pain related disability, even 
if the therapy addresses the initial events (Zeltzer et al 1992).
The high levels of schoolchildren reporting MSD’s is worrying and it has been shown 
that reporting low back pain previously is a risk factor for future low back pain. If the 
pain reported by children is modulated by psychological difficulties should the problem 
be considered less important? Psychological modulation of pain depends on genetic 
makeup, cultural background and interpretation of past events. Campo and Fritsch 
(1994) suggested that current understanding of the development of somatization and its 
consequences remain limited. Although they point out a possible continuum between 
somatization and physical disease. In that there are striking similarities in psychiatric 
symptomology in both patients and families of patients with recurrent abdominal pain
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in childhood and those with organic aetiology for their abdominal pain, such as peptic 
ulcer disease or inflammatory bowel disease.
Porter (1999) suggested that drivers at greatest risk for low back pain have driving 
positions that are less adjustable but the executives who have highly adjustable driving 
positions drive fewer miles. It was a similar situation in the 1980s regarding adjustable 
computer screens. The parallels between these two examples and the current situation 
regarding children in schools are obvious. Children are potentially the most vulnerable 
group in society for developing musculoskeletal damage and yet they have the worst 
provision of ergonomically designed workstations of any group.
6.15 Study implications and future research
This study has implications for the length and structure of lessons, the design of school 
furniture, psychological well being of children and family experiences of pain. Lessons 
in some schools are too long and there are no guidelines for schools to follow. The 
results of this study suggest that children should not sit for periods of 1 hour or more 
but rather a maximum of 45-50 minutes. School furniture needs to be made more 
comfortable and adjustable to fit a wider range of children. The hard plastic chairs and 
flat tabletops may contribute to discomfort and muscular fatigue in young children. 
Children should be encouraged to move more during lessons. It may also be important 
to address the issue of load carriage amongst schoolchildren. A study of paper delivery 
girls and boys to look at possible elevated levels of neck, upper back and low back pain 
may be useful as this group may be exposed to heavier and more prolonged load 
carriage. In future research it is important to recognize the influence of psychological 
and family factors in children’s pain. There are also serious implications for the future 
workforce with many young adults entering the workplace with neck and back pain 
already present. Further investigation is needed to examine baseline measurement of 
musculoskeletal disorders before work related exposure takes place. Further research is 
also required to examine the association between sitting posture and pain reported at 
different spinal locations. Also further research is needed to examine static postures in 
young children and any causal relationship with musculoskeletal disorders. If such a
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relationship existed there would be the need to establish a preventative program for use 
in schools. Schools could help reduce the exposure to some of the risk factors. The 
weight of schoolbags should be reduced this could be achieved by limiting the number 
of books carried by children. Children could be given homework on work sheets to 
reduce the load. Stretching exercises at the beginning and end of lessons would help 
relieve muscular discomfort and children should be encouraged to move during lessons. 
‘Sit straight and be still’ may not be the best advice a Teacher can give. Lessons should 
not last more than one hour, if they do, the lesson should be broken up with regular 
movement for example, stretching exercises or simply getting the children to stand for 
part of the lesson.
This research has highlighted three main areas of concern that require further 
investigation. The follovring are examples of research projects that would answer some 
of the questions posed by this study.
• Is the development of back pain in such young children exacerbated by prolonged 
flexed or static postures as the result of unsuitable school furniture? And are 
certain children prone to sit in static postures regardless of school furniture with 
an increase in back pain for those children? A prospective study is required to 
investigate postural habits of young children and subsequent development of 
musculoskeletal disorders.
• There are currently no guidelines for schools and parents to assess the risk factors 
children are exposed to when working at school desks or computers and 
workstations in the home. There are guidelines for adults and a method needs to 
be developed for use in schools and the home.
Many young adults are entering the workforce with musculoskeletal disorders 
already present. A prospective study is needed to establish data on a range of 
young people before they enter the workforce. These young people could then be. 
monitored to investigate subsequent development of more serious disorders in 
high and low risk industries. This would clarify the work relatedness of certain
209
musculoskeletal disorders and give insight into career choice and injury. Children 
who report musculoskeletal pain in school may continue to report pain when they 
become employed. They may become the future work-related back pain problem.
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Appendix A 
Letter to the Director of Education for Surrey
10th September 1999
Dr. Paul Gray 
Director of Education 
Surrey County Council 
County Hall 
Penrhyn Road 
Kingston upon Thames 
KT12DJ
Dear Dr. Gray,
The Robens Centre for Health Ergonomics at the University of Surrey investigates the 
causes, and seeks to prevent important musculoskeletal diseases. We are currently 
involved in a joint study with the Arthritis Research Campaign Epidemiology Unit at the 
University of Manchester, looking at back pain amongst children aged 11-14 years to 
determine which factors are associated with the onset of symptoms.
I am writing to pass it with you to contact schools in Surrey to take part in the study. The 
study would involve giving 11-14 year old children a short questionnaire on back pain to 
fill out and to take measurements and observations about the method of carrying school 
bags, weight of bags, posture and seating. Consent letters will be sought from the parents 
of all children involved in the study.
We shall also be assessing school children in the Cheshire area and permission has already 
been granted for this by Mr. David Cracknell, Group Education Director for Cheshire. We 
also have ethical approval from the University of Manchester Ethical Research Committee.
As we want to commence the study as soon as possible, your prompt reply would be 
greatly appreciated. If you have any queries, please feel free to telephone me directly on 
01483 259216. Thanking you in advance for your help.
Yours faithfiilly,
Professor Peter Buckle
Appendix B 
Letter to the Head Teachers
7 September 2000
Mr. N Dunkley 
Head Teacher
Bishop Wand Church of England Secondary School
Laytons Lane
Sunbury-on-Thames
Middlesex
TW16 6LT
Dear Mr. Dunkley
Would you be interested in your school taking part in an 
important study of back pain in school children?
The Robens Centre for Health Ergonomics at the University of Surrey investigates the 
risks for developing musculoskeletal problems. Population studies of back pain show both 
that this is common in young adults and that those with a history of such symptoms are 
most likely to have future episodes. We are currently looking at back pain amongst 
children aged 11-14 years to determine which factors are associated with the onset of 
symptoms. This is a joint study with the Arthritis and Rheumatism Council’s 
Epidemiology Research Unit at the University of Manchester. The principal researcher in 
this study is Mr. Sam Murphy B.Sc. MSc. who is undertaking Ph D. research in this area.
We have recruited 15 schools so far but we need more, 53 schools in Manchester have 
already taken part in the study. The study would involve our investigators visiting your 
school to give groups of children a questionnaire to fill out and to make measurements and 
computer based observations about the method of carrying school bags, weight of bags, 
posture and seating. Pilot studies in Guildford and Manchester schools have indicated that 
it takes one school lesson to gather the questionnaire data. We would do this ourselves. 
The computer based observations must be done separately during normal lessons and 
involve one researcher sitting in one or more lessons to monitor individual children’s 
posture. There should be no disruption to these lessons, apart from the researcher’s 
presence.
Permission to contact schools has already been obtained from the Director of Education 
for Hampshire and we have received ethical approval from the University of Surreys’
advisory committee on ethics. We hope to obtain parental consent for all of the children 
involved by sending letters to parents through the school.
I have enclosed a reply slip and envelop for your decision. It must be stressed that if you 
do decide to be part of this study you are free to withdraw at any time. If you state that 
you do not want your school to be part of this study you will not be contacted again. 
Please feel free to contact me if you have any queries on 01483 259213. All information 
collected will be held in the strictest confidence by the investigator.
Your help would be greatly appreciated and we look forward to hearing from you.
Yours sincerely,
Professor Peter Buckle
Mr. N Dunkley 
Head Teacher 
Bishop Wand Church of England Secondary School 
Laytons Lane 
Sunbury-on-Thames 
Middlesex 
TW16 6LT
Please tick appropriate box:
I would be interested in my school taking part in the back pain []] 
in school children study.
I would not be interested in my school taking part in the back 
pain in school children study.
Signature of Head Teacher:
Date:
Appendix C 
Consent letter to Parents and children
Dear Parents,
RE; Study into pain and discomfort amongst school children.
The Robens Centre for Health Ergonomics at the University of Surrey investigates the 
risks for developing pain and discomfort. Population studies of muscle and joint pain show 
both that this is common in young adults and that those with a history of such symptoms 
are most likely to have future episodes. This is a study in co-operation with the Arthritis 
and Rheumatism Council’s Epidemiology Research Unit at the University of Manchester, 
looking at pain and discomfort amongst children aged 11-14 years to determine which 
factors are associated with the onset of symptoms.
A number of schools in the Surrey area have been approached to take part in the study and 
permission has already been granted from the Director of Education for Surrey. We have 
received ethical approval from the University of Surreys’ advisory committee on ethics 
and the University of Manchester’s’ advisory committee on ethics.
The principal researcher in this study is Mr. Sam Murphy B.Sc. M.Sc. who is undertaking 
Ph.D. research in this area. ,
The study would involve your child completing a questionnaire at school. Measurements 
of height, weight and weight of school bags will be taken. Computer monitoring will take 
place to determine sitting positions in the classroom. All of the study will be carried out 
during the school day.
In this context I am writing to find out if you would have any objection to your child 
taking part in this study. If you have any concerns about this could you, please write or 
phone me at the above address to discuss them.
It must be stressed that your child may withdraw from the study at any time should you or 
he/she so wish. Your child and the school will not be identified in any report. All 
information collected will be held in the strictest confidence by the investigator. Any 
children not taking part in the study will not be discriminated against in any way.
Please go through this letter with your child, complete the consent form, place in the 
envelope provided and return to the school.
Your help would be greatly appreciated.
Yours faithfully.
Professor Peter Buckle.
_________________  X _____________
Study into pain and discomfort amongst school children.
Name of school:
Name of child:
I do / do not wish* my child to take part in the study of pain and discomfort in 
school children. * Delete as applicable
Parent’s signature:
I do / do not wish* to take part in the study of pain and discomfort in school 
children. * Delete as applicable
Child’s signature:
Appendix D 
Questionnaire
Robens Centre for Health Ergonomics 
University of Surrey
A study of pain in schoolchildren
Questionnaire
We a re  doing a study to  look a t pain amongst schoolchildren. We want to  ask you about 
th e  so rts  of activities th a t  you do in and out of school and any pains th a t  you get.
There are no right or wrong answers. Your individual answers to the 
questionnaire will not be shown to any teachers or member of staff at 
your school Thank you very much for your help.
Your name: School bag weight:.
We would like a few background details first:
1. Today's date
Day Month Year
2. W hat is your da te  of birth?
Day Month Year
3. Are you a
Boy
Girl
4. W hat is your height?
5. W hat is your weight?
Cms
Kgs
Next we are going to ask you some questions about your sports and leisure 
activities:
6. Do you play any sports in school?
Yes
No
7. I f  yes, how many hours/minutes a week?
Hours
Minutes
8. Do you play any sports outside school?
Yes
No
9. I f  yes, how many hours/minutes a week?
Hours
Minutes
10. Do you play sports competitively? (e.g. fo r th e  school or a local team)
Yes
No
11. List th e  sports you do (write th e  sport you do th e  most f i r s t  and th e
1. 6.
2. 7.
3. 8.
4. 9.
5. 10.
12. Do you have a job?
Yes
No I f  NO, please go to  question 15
13. I f  yes, what is th e  job?
Job  title
14. I f  yes, how many hours/minutes do you work a week?
Hours
Minutes
15. How many hours/minutes do you usually watch television on a school 
day?
Hours
Minutes
16. How many hours/minutes do you usually play computer games on a 
school day?
Hours
Minutes
Next we are going to ask you some questions about your school life
17. Do you ever have double lessons, which a re  not PE?
Yes
No
18. I f  yes, how many do you have a week?
19. How many hours/minutes do you have computer lessons a t  school each 
week?
Hours
Minutes
20. How many hours/minutes do you have sports or PE lessons a t  school 
each week?
Hours
Minutes
21. Do you find schoolwork difficult?
Yes
Sometimes
No
22. I f  you do have difficulties with schoolwork, who do you ask fo r help?
Friend 
Brother or s is te r 
Teacher 
Parent 
No one
23. Do you find homework difficult?
Yes
Sometimes
No
24. I f  you have difficulties with homework, who do you ask fo r help?
Friend 
Brother or sis te r 
Teacher 
Parent 
No one
25. When working a t  your desk which way do you usually sit?
f f i
□  ^ □
26. Do you usually s it on th e  fron t edge or right back in th e  seat?
Front of th e  sea t 
Back of th e  seat
27. When working a t  your desk (or looking a t  th e  blackboard or teacher) do you have 
to do any of th e  following?
tw ist your back tw ist your neck bend your neck
Yes, 10 minutes or  ^
more each lesson | |
Yes, less than t e n ___
minutes each lesson | |
Non
□
□
□
□
□
□
28. I s  th e  height of your chair?
Too high fo r you 
Correct fo r you 
Too low for you 
Don't know
I f  your chair docs not have a backrest go to question 32.
29. I s  th e  backrest of your chair?
Too fa r  back for you 
Correct fo r you 
Too fa r  forward for you 
Don't know
30. I s  th e  position of th e  backrest of your chair?
Too high for you 
Correct fo r you 
Too low for you 
Don't know
31. I s  th e  curve of th e  back support of your chair?
Too curved for you 
Correct fo r you 
Too f  lat fo r you 
Don't know
32. I s  th e  height of your desk?
Too high for you 
Correct fo r you 
Too low for you 
Don't know
33. W hat type of bag do you usually carry your SCHOOL BOOKS in?
Rucksack Sports bag Shoulder bag | |
+
O ther
Please describe or draw in th e  box
34. Do you have anywhere a t  school to  s to re  your school bags? 
(such as lockers)
Yes
No ^  I f  NO, please go to  question 36
35. Do you use th is place to  sto re  your bags?
Yes
No
36. How do you usually carry th e  bag th a t  you carry your schoolbooks in?
In your hand | | On one shoulder | | On both shoulders | | Across your body | |
O ther Please say
how.
37. Did you carry any of th e  following items to  school last week?
PE kit 
Trainers 
Books/Files 
Cooking equipment 
Musical instrument 
Lunch box 
O ther Please say what.
38. How do you usually travel to  and from school?
Walk th e  whole way 
Car 
Bus 
Bicycle 
Train/Tram 
O ther Please say how.
We would now like you to tell us about the different ways you feel about life in 
general. There are no right or wrong answers so just say how you feel. Remember 
that no one will be shown your answers to these questions.
Please read each statement and tick either Not True, Somewhat True or 
Certainly True.
Not True Somewhat Certainly
True True
3 9 .1 try  to  be nice to o ther people
4 0 .1 am restless. I  cannot stay 
still fo r long
4 1 .1 get a lot of headaches, 
stom ach-aches or sickness
4 2 .1 usually share things with 
o thers (food, games, pens, e tc )
4 3 .1 get very angry and often 
lose my tem per
4 4 .1 am usually on my own. I  generally 
play alone or keep to myself
4 5 .1 usually do as I'm told
4 6 .1 worry a lot
4 7 .1 am helpful if someone is hurt, 
upset or ill
4 8 .1 am constantly fidgeting or squirming
4 9 .1 have one good friend or more
5 0 .1 figh t a lot. I  can make o ther people 
do what I  want
5 1 .1 am often  unhappy, downhearted 
or tearfu l
Not True Somewhat Certainly
True True
52. O ther people my age generally like me
5 3 .1 am easily d istracted . I  find it 
d ifficult to concentrate
5 4 .1 am nervous in new situations. I  easily 
lose confidence
5 5 .1 am kind to younger children
"5 6 .1 am often accused of lying or cheating 
57. O ther children pick on me or bully me
5 8 .1 o ften  volunteer to  help o thers 
(parents, teachers, children)
5 9 .1 think before I  do things
6 0 .1 take  things th a t  a re  not mine from 
school, home or elsewhere
61 .1 get on b e tte r  with adults than with 
people my own age
6 2 .1 have many fears. I  am easily scared
6 3 .1 finish th e  work I  am doing. My 
atten tion  is good
We would now like to  ask you about aches and pains in general:
64. Please tick  th e  box (3) if you have had aches or pains using th e  bodymap a t  th e  
bottom of th e  page as a guide. Also circle how th e  pain made you feel when it was a t 
its worst and w rite down how long th e  pain lasted.
Pain in th e  
last month
Pain in th e  
last 7  days
How did th e  
pain make you 
feel?
How long did 
th is pain last? 
(days/hours)
Neck © :  ©  ©
Right shoulder ®  ®  © '
Left shoulder : ®  ®  ©
Right elbow ®  ®  ©
Left elbow ; ® ;  ®  ©
Right w rist and 
hand
„  ©  ©  
© -
L eft wrist and 
hand
© 1 ©  ©
:
Upper back © I ©  ©
Lower back © I  ©  ©
. t
Hips/thighs 1 0 l  ©  ©
Knees : © ; !  ©  ©
A nkles/feet 1 0  ©  ©
NECK
SHOULDERS
UPPER BACK 
ELBOWS
LOW BACK 
WRISTS/HANDS
HIPS/THIGHS/
BUTTOCKS
KNEES
ANKLES/FEET
I f  you did not have any aches or pains in the last 7 days or the last month go to 
question 74.
65. Please tick 3 th e  box if you have visited any of th e  following because of your aches 
or pains, also w rite down th e  area (from bodymap) where you had th e  aches or pains.
  _______Area of ache or pain
Your GP/Doctor 
Physiotherapist 
School nurse 
Hospital 
O ther
I f  you ticked o ther please say who you visited
66. In  th e  last 7 days, have you been absent from school because of aches 
or pains?
Yes
No
67. I f  yes how many days?
Days
68. I f  yes, in what area or areas (from bodymap) was th e  ache or pain?
69. In  th e  last month, have you been absent from school because of aches 
or pains?
Yes
No
70. I f  yes, how many days during th e  last month?
Days
71. I f  yes, in what area or areas (from bodymap) were th e  aches or pains?
Area(s)
72. W ere th e  aches or pains due to an accident?
Yes
No
73. I f  yes, what area or areas (from bodymap) did you hurt in th e  accident?
Area(s)
74. Thinking back over th e  past month, on how many days do you feel you have had 
troublesome headaches?
None 
1-2 days 
3-7 days 
8-14 days 
15-21 days 
All month
75. Thinking back over th e  past month, on how many days do you feel you have had a 
troublesome sore th roa t?
None 
1-2 days 
3-7 days 
8-14 days 
15-21 days 
All month
76. Thinking back over th e  past month, on how many days do you feel you have had a 
troublesome stomachache?
None 
1-2 days 
3-7 days 
8-14 days 
15-21 days 
All month
77. Have you ever su ffered  from low back pain?
Yes
No
78. I f  yes, how old were you when you f ir s t  had low back pain?
Years
79. Has any member of your family ever su ffe red  from low back pain?
Yes
No
80. I f  yes, which member(s) of your family?
81. Have you ever injured your back in an accident?
Yes
No
82. I f  yes, what age were you when you had th e  accident?
Years
You are finished thank you for your help
